FISH USE OF |NSHORE HABI TATS NORTH OF THE ALASKA PEN NSULA

Qut er

JUNE - SEPTEMBER 1984 and JUNE - JULY 1985

by

John S. Isakson and Jonathan P. Houghton
Dames & Moore
155 N.E. 100th Street, Suite 500
Seattl e, Washi ngton 98125

Donald E. Rogers and Steven S. Parker
Fisheries Research Institute
University of Washington
Seattle, Washington 98195

Fi nal Report

Continental Shelf Environnmental Assessnent Program

Research Unit 659

Novenber 1986



TABLE OF CONTENTS

Section

ACKNONLEDGVENTS

2.1 PROJECT BACKGROUND AND OBJECTIVES . . . . . . . . . . . . . ..
2.2 CURRENT STATE OF KNOMLEDGE. . ................ ...

2.2.1 Juvenil e Salmonids

2.2.2.1 Previous Work.... ..............
2.2.2.2 Dominant Species . . . . . ... ... . ...

3.0 METHODS AND MATERI ALS

3.1 STUDY AREA AND SAMPLING DESIGN. . . . . . . . . . . . . . . . ..

3.2 SCHEDULE

3.3.1 salmonids and Pel agic Species - 1984 .

3.3.2 salmonids and Pelagic Species - 1985 . . . . . .
3.3.3 Denersal Species - 1984 . . . . . . . ... ... ...
3.3.4 Denersal Species- 1985 . . . . . . . . . .. ... ...

3.4 DATA LIMTATIONS. ... . ... . .

3.5 ANALYSIS. ..
3.6 SOCKEYE SALMON SCALE PATTERN ANALYSIS . . . . . . . . . ..

4.0 RESULTS

2.2.2 Pelagic and Denersal Marine Fishes . . . . . . .

15
15

17
20

20
28

31

....... 31

34

34
40

40

........ 46

58

....... 58~

60
60

. . 60
.. . . . . 63
........ 65
........ 66

67

67
68

69

72

72

72
77



TABLE OF CONTENTS (Conti nued)

Section Page

4.2 SALMONI DS - 1984 . .. .. . . . 78
4.2.1 General Catch Patterns. . . . . . . . . . . 78

4,22 Sockeye Salmon . . . .. 85

423 CumSalmn . .., 89

4,20 Coho Salmon . . . . L 93
4.2.5 Chinook Salmon.......... ... ... ... ... ... 93
RGPk SaIMN . . o 93

4.2.7 Discussion of 1984 Salmonid Catches . . . . . . . . . . . .. 93

4.3 SALMONIDS - 1985 . . . o\t 116
4.3.1 General Catch Patterns.. . . . . . . . . . . . 116

4.3.2 Mult Salmomids . . . . . 121
La3duwenile SAMN . . .., 121
4.3.3.1 Sockeye Salmon . . ... 121
4.3.3.2CumSalmn . ... 134

4.3.3.3 Coho Salmon . . . . 141

4.3.3.4 Chinook Salmon . . . . ... 143

4335 pink Salmon . ... 143

4.3.3.6 Sockeye Sal nmon Scal e Pattern Analysis.. 145

4. 3.4 Discussion of 1985 Juvenil e Salmonid Catches . . . . 155

4.4 CENERAL DI SCUSSI ON OF JUVEN LE SALMONI D DI STRI BUTI ONS

AND MOVEMENTS . . .. 165
4.4.1 1984 - 1985 Qomparisons . . . ... 165
4.4.2 Conceptual Model of Juvenile Sockeye Mgration.. 168
4.4.3 Ofshore Distribution . . . . . . . . ... . 179
4.5 NONSALMONIDS - 1984 ..................coiiiiiiiiiiiii.. 182
4.5.1 General Distribution. . . . . . .. ... .. ... 182
4,5.2 Pelagic Fish Species- 1984 . . . . . . . . . . . ... . ... ... 183
4.5.3 Denersal Fish Species - 1984 . . . . . . . . . . ... ... 189
4.5.4 DiSCUSSI ON. .. i 208
4.6 NONSALMONIDS - 1985 . . . . . . . .. 210
4.6.1 General ...... ... 210
4.6.2 Pelagic Fish Species - 1985 . . . . . . . . . . . .. ... ..., 210
4.6.3 Demersal Fish Species - 1985 . . . . . . . . . .. . .. ... ... 229

4.7 COVPARI SONS OF 1984 AND 1985 NON-SALMONID CATCH DATA. .. 232

4.7.1 General .. .. ... 232
4.7.2 Pelagic Species Comparisons . . . . . . . . .. 235
4.7.3 Denersal Species Comparisons . . . . . . . . . ... 240



TABLE OF CONTENTS (Conti nued)

Section

5.0 REFERENCES . . *

APPENDI CES

STATION LOCATION FIGURES. . .. ... e
PURSE SEI NE CATCH DATA 1984
TON NET CATCH DATA 1984 . . ... . . e,
BEACH SEINE CATCH DATA 1984.. ... ... ... . . . . . . . . . . i, L
OTTER TRAW. CATCH DATA 1984 .. ... . .. . . . . . .
SPECI ES BREAKDOWN OF 1962 THROUGH 1968 JUVEN LE SALMON

PURSE SEINE CATCHES. .. ... . . . . e
PURSE SEI NE CATCH DATA 1985
SMALL SEINE CATCH DATA 1985
BEACH SEINE CATCH 1985. .. . ... . .
ADULT SALMON CATCH DATA 1985

251
257
269
277
289

313

355
365
373
379



Fiqure

10
11
12

13

14

15
16

17

18

LI ST OF FI GURES

Study Area

Study Subareas and Transect Locations

Locations of Purse Seine Sets in the Eastern
Bering Sea and South of the Al aska Peninsula,
by Month, 1956-1968

Stations Fished by Lanpara Seine and Locations
of Capture of Seaward-M grating Sockeye Sal non
in Inner and Quter Bristol Bay, June-August 1967

Stations Fished by Tow Nets and Seining and
Locations of Capture of Seaward-Mgrating

Sockeye Salmon in Inner Bristol Bay, June-

Sept enber 1966

Rel ati ve Abundance (CPUE) of Seaward-M grating
Sockeye Salmon at 10-Mle Intervals on Four Transects
Located in Inner and Quter Bristol Bay,

June- August 1969

Location of Capture of Marked Seaward-M grating
Sockeye Sal mon, Bristol Bay, 1967 and 1969

1984 Purse Seine Catch of Juvenile Salnon by Cruise

Catch of Inportant Fish Species by Cruise (Top) and
by Bay Subarea (Bottom) with Purse Seine, 1984

1984 Purse Seine Catch of Juvenile Sal non by
Transect

1984 Purse seine Catch of Juvenile Sal non by
Station

Catch of Inportant Fish Species by Cruise with
Beach Seine, Oter Trawl, and Tow Net, 1984

Catch of Inmportant Fish Species by Inner, Md-j and
Quter Bay Subareas with Beach Seine, Qter Traw,
and Tow Net, 1984

Lengt h- Frequency of Sockeye Salnmon in Purse Seines,
1984

Lengt h- Frequency of Chum Sal mon in Purse Seines, 1984

Conparisons of Spring Weat her Conditions in Bristol
Bay for 1969-70 and 1984-1985 Smelt Mgrations

Tim ng of Kvichak Sockeye Smelt Mgrations.
Daily Percentage of Total Mgration

Daily Sockeye Salmn Smelt Mgrations from Bristol
Bay Lake Systens, 1982-1985



Figure
19

20
21
22
23

24

25
26
27

28

29

30

31

32

33

34

35

LIsT oF FIGURES (Conti nued)

Periods of Sockeye Smelt Marking and Recovery of
Mar ked Juveniles off Port Heiden and Port Moller

Predicted Timng of Ugashik, Kvi chak, and Wod
Ri ver Sockeye Juveniles off Port Heiden

Predicted Timng of Sockeye Juvenile Mgration
at Port Heiden in 1984

Predicted Timng of Sockeye Juvenile Mgration
at Port Heiden in 1982

Predicted Timng of Sockeye Juvenile Mgration
at Port Heiden in 1983

Mean Lengths of Sockeye Salnmon Snelts by 5-Day Periods
in Mgrations from Egegik, Kvi chak, Naknek, Ugashi Kk,
and Whod River Lake Systems, 1982-1985

1985 Juvenile Salnon Mean Catch by Gear Type

1985 Juvenile Sal mon Percentage Catch by Gear Type
1985 Juvenile Sockeye Catch by Transect and Period

Adjusted Transect Catches of Juvenile Sockeye in 1985
Ti me- Lagged to Date of Passage, Ugashik

Juvenil e Sockeye Tag Recovery with Distance from
Point of Release

Predicted Timing of Juvenile Sockeye Mgration at
Ugashi k in 1985-Based on One Body Length Per Second
Swi mmi ng  Speed

1985 Juvenile Sockeye Purse Seine Catch by Station
and Period, Ugashik

1985 Juvenile Sockeye Purse Seine Catch by Station
and Period, Port Heiden

1985 Juvenile Sockeye Purse Seine Catch by Station
and Period, Port Moller

1985 Juvenile Sockeye Purse Seine Catch by Station
and Period, Izembek

Mean Lengths of Juvenile Sockeye in 1985 Purse Seine
Catch by Station, Ugashik



Figure
36

37

38

39
40
41
42

43

44

45
46
47
48

49

50

51

52

53

54

LIST OF FIGURES (Continued)

Mean Lengths of Juvenile Sockeye in 1985 Purse Seine
Catch by Station, Port Heiden

Mean Lengths of Juvenile Sockeye in 1985 Purse Seine
Catch by Station, Port Moller

Mean Lengths of Juvenile Sockeye in 1985 Purse Seine
Catch by Station, Izembek

1985 Juvenile Chum Catch by Gear Type
1985 Juvenile Coho Catch by Gear Type
1985 Juvenile Pink Catch by Gear Type
Di stribution of Two Characters in 1985 Scal e Standards

1985 Juvenile Sockeye Purse Seine Catch by Direction
of Set

1985 Juvenile Salmon Purse Seine Catch with Time after
Hi gh Sl ack Water, Ugashik

1969 Juvenile Sockeye Purse Seine Catch at Egegik

1969 Juvenil e Sockeye Purse Seine Catch at Port Heiden
1969 Juvenil e Sockeye Purse Seine Catch at Port Moller
1970 Juvenile Sockeye Purse sSeine Catch at Port Moller

Timing of Cruise 1 (1984) and Cruise 4 (1985) Relative
to Port Moller Sea Surface Tenperatures

Predicted Timng of Juvenile Sockeye Mgration at Port
Heiden in 1983 (Top) and 1984 (Bottom Based on
Mgration Rate of 10 km Per Day

Predicted Tinmng of 1982 Juvenile Sockeye Mgration at
Port Heiden Based on Mgration Rates of 10 km Per Day
(Top) and one Body Length Per Second (Bottom

Lengt h- Frequency of Pacific Sand Lance in Beach Seines,
1984

Lengt h- Frequency of Rainbow Smelt in Beach Seines,
1984

Mean Weight (kg) of Fish Taken in 1984 Qiter Traw s
by Cruise at Qutside Stations (I-4)



Figure

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70
71

72

LI ST OF FI GURES (Cont i nued)

Mean Weight (kg) of Fish Taken in 1984 Citer Traw s
by Transect for Stations 2, 3, and 4

Mean Weight (kg) of Fish Taken in 1984 Citer Traw s
by Cruise at Inside Stations

Mean Weight (kg) of Fish Taken in 1984 Otter Traw s
by Transect and by Station

Lengt h- Frequency of Pacific Cod in Purse Seines, 1984

Lengt h- Frequency of Yellowfin Sole in Oter Traw s at
Stations |Inside Embayments, 1984

Lengt h- Frequency of Yellowfin Sole in Oter Trawl s at
Coastal (Qutside) Stations, 1984

Lengt h- Frequency of Rock Sole in Qtter Traw s at
Stations Inside Enbaynents, 1984

Lengt h- Frequency of Rock Sole in Oter Traws at Coastal
(Qutside) Stations, 1984

Lengt h- Frequency of Witespotted Greenling in Oter
Trawls at Inside and Qutside Stations, 1984

Lengt h- Frequency of Pacific Sand Lance in Beach
Sei nes, 1985

Lengt h- Frequency of Pacific Sand Lance in Snall
Sei nes, 1985

Lengt h- Frequency of Pacific Sand Lance in Purse
Sei nes, 1985

Lengt h- Frequency of Rainbow Smelt in Beach
Sei nes, 1985

Lengt h- Frequency of Rainbow Snelt in Small
Sei nes, 1985

Lengt h- Frequency of Whitespotted Greenling in
Purse Seines, 1985

Lengt h- Frequency of capelin in Purse Seines, 1985
Lengt h- Frequency of Pond Snmelt in Beach Seines, 1985

Lengt h- Frequency of Starry Flounder in Beach Seines,
1985

10



4a

4b

10

11

12

13

14

15

16

LI ST OF TABLES

Total Catch Summary - 1984
Total Catch Summary - 1985

List of Fishes Wthin Shallow (< 50M Marine Waters
From Cape Sarichef to Cape Newenham

Gear Types, Habitats Sanpled and Targeted Fish in Each
Habi tat Surveyed

1984 Sanpling Effort by Gear, Transect, Station,
and Crui se

1985 Sanpling Effort by Gear, Transect, Station,
and Crui se

Common and Scientific Nanmes of ldentified Fish Taxa, North

Al aska Peninsula, 1984-1985 (Wth NOAA Taxonom c Code)

1984 Purse Seine Catch for Al Juvenile Salmonids Conbi ned

1984 Purse Seine Catch for Juvenile Sockeye

1984 Purse Seine Catch for Juvenile Chum

1984 Purse Seine Catch for Juvenile Coho

1984 Purse Seine Catch for Juvenile Chinook

Catches and Escapenents of Salnon in Bristol Bay, the
North Al aska peninsula, and the South Peninsula

Interception Fishery, 1980-1984

Bristol Bay Sockeye Sal non Escapenents and Adul t
Returns for the 1969 and 1970 Snelt M grations

Bristol Bay Sockeye Sal mon Escapenents for the 1984
and 1985 Snelt Mgrations

Bristol Bay Sockeye Salmon Snelt Mgration, 1984

Bristol Bay Sockeye Salmon Snelt Production by
Brood Year, 1979-82

Mean Purse Seine Catches of Juvenile Salnon by Location
and Date of Sanpling and the Estimated Abundance of
Sockeye Sal mon Assunming Two Rates of Travel

11



Tabl e

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

' TABLES ( Conti nued)

Catches of Juvenile Salnon by Gear Type in 1985

Prelimnary BDF&G Estinmates of Escapenents (Top Nunber)
and Conmercial Catches of Adult Salnon Wthin the NAS
Study Area in 1985

Summary of Cruise 4 Purse Seine Catches of Juvenile
Sockeye Sal non

Summary of Juvenile Non-Sockeye CPUE by Gear Type and
Period at Each Transect

Location and Date of Capture of Scales in Unknown Sanples

List of Scale Characters Submitted to Stepwise
Di scrimnant Function Analysis

Classification Matrix for a 5-Class Discrimnant Function
with no Prior Probabilities and Stepping Linmited by Mninum
F-to-Enter Criteria

Corrected Estinmated (+ 80% Confidence Linmt) of Percentages
of Each Stock Present—in Sanples Collected at Ugashik
and Port Heiden

Estimated Nunbers of Sockeye of Each Bristol Bay Stock
in Catches at Ugashik and Port Heiden During Cruise 4

Summary of Catches of Juvenile Sockeye Salnon in Cruise 4
Experimental Purse Seine Sets

Station Designations Used in Gouping Sanpling Sites
Cccupied by Straty and Jaenicke

Central Dates of Sockeye Smelt Mgrations From Bristol
Bay River Systens

Mean Separation in Days Between Central Dates of
Mgration for Bristol Bay Sockeye Snelts, 1982-1985

Cal cul ated Travel Tines of Juvenile Sockeye to Port
Hei den from Rivers of Origin Based on a Swi nm ng Speed
of One Body Length Per Second

Summary of Mean Mgration Rate Estimates (km Day) for
Sockeye Salmon Snelts Marked by Straty and Jaeni cke
in Studies, 1967-70

Total Fish Catch in Gter Traw s

12



ACKNONLEDGEMENTS

This study was funded (wholly or in part, whichever is appropriate)
by the Mnerals Managenent Service, Departnent of the Interior through
an Interagency Agreenent w th the National GCceanic and Atnospheric
Admini stration, Departnment of Commerce, as part of the Al aska CQuter
Continental Shelf Environmental Assessment Program This program coul d
not have been conpleted without the commtnent and energy of the three
maj or organi zations involved: NOAA, Danmes & Moore, and the University
of Washi ngton, Fisheries Research Institute (FRI). Participants in the
field program who endured snall boat life under difficult circunmstances
i ncl uded: Geg Blair, Geg Erickson, Peter Hagen, Jeff Haymes, Russell
Ladl ey, Kevin Latorra, Jeff Muore, Pat Poe, G eg Polkinghorn, Torn
Rogers, and Geg Ruggerone. Added field assistance cane from Robert D.
Paulus, skipper of the R V. Kittiwake, whose past fisheries experience
and local know edge allowed much of the field program to succeed.

External to the study team but of nmmjor inmportance to the field
success was the support of Peter pan Seafoods at Naknek and Port Moller.
Don Rawlinson and Dexter Lall, who nmanage the Naknek and Port Moller
operations, respectively, proved very hel pful. Ray Earl, Port Moller
Beach Boss in 1984, was also extrenely hel pful during several boat
mechani cal failures.

On the analytical side, WIIliam briskell, consultant to Dames &
Moore, and M ke MDowel |l of Danes & Moore deserve special credit for
designing data forns, data entry programs, and nanipul ating catch data.
St ephen Jewett and M chael Dell each contributed reviews and anal yses
of historic data.

Finally, the free use of FRI gear (whaler, outboards, etc.) and

field stations (Wod River, Chignik) between cruises in 1984 allowed the
work to be conpleted at a reduced cost.

13



1.0 EXECUTI VE SUMVARY

1.1 OBJECTI VES

The Bering Sea as a whole produces a substantial fraction of the
worl d's annual harvest of seafoods, with major fisheries for sal non,
| arge shellfish, and groundfish. Anticipation of upcoming oil and gas
| ease sales in the eastern Bering Sea Basin established a need for a
greater understanding of the interrelationship of various conponents of
the marine ecosystem of the Bering Sea. Over the past several years,
the National Cceanic and Atnospheric Administration ( NOAY)  CQuter
Continental Shelf Environmental Assessnent Program (OCSEAP) has spon-
sored studies of many of these Bering Sea ecosystem conponents in an
effort to provide the data necessary to permt infornmed decision neking
in the region. Recent syntheses of this data base identified a major
informati on need for understanding of the inportance of the nearshore
zone and enbayments along the north side of the Al aska Peninsula for
fish, especially for the many nillions of juvenile salnon migrating from

area rivers each spring.

This research (Research Unit 659) was designed to provide the base-
line descriptions of fish assenbl ages needed to assess potential and
actual inpacts of oil and gas devel opnment on natural resources of the
study area (Figure 1). Primary objectives were to:

0 Describe the species conposition of demersal and pelagic fish
assenbl ages in poorly-studied nearshore, intertidal, and
estuarine habitats of the study area.

0 Determine rel ative abundances of species by habitat, area, and
season (spring, summer, and fall).

0 Describe changes in distributions of adults and juveniles
occurring over time scales of tide cycles to seasons, including
i nshore-of fshore mgrations and directed migrations through the

study area.

15
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Assessments of potential inpacts on salnon and other pelagic and
denersal finfish of OCS oil and gas exploration and devel opment on the
North Al eutian shelf and basin have been nade by NOAA (Thorsteinson
1984), MV5 (1985), and Bax (1985). In the case of juvenile salmonids,
t hese assessnments were based primarily on syntheses and broad generali -
zations of distribution and nmoverment patterns from data collected in the
late 1960s and early 1970s (generally at 20 m or greater depths), and
variously reported by Straty (1974, 1975, 1981) and Straty and Jaeni ke
(1980). A mpjor goal of the study reported here was to provide informa-
tion to confirmor deny the validity of many of these generalizations
for waters closer to the shoreline.

This 2-year study was conducted by Dames & Mbore in association
with Fisheries Research Institute (FRI), University of Washington, and
was performed under NOAA Contract 84- ABC-00122

1.2 GENERAL APPROACH

The general approach of this study was to carefully allocate the
l[imted resources of sanpling effort and tine in order to nexinize the
collection of new information on the novenent and abundance of commer-
cially significant finfish in inshore habitats (e.g., within 50-m i so-
bath) that are considered to be nost vulnerable to perturbation from OCS
devel oprent .

In 1984, our study area extended from Fal se Pass to Ugashik Bay in
waters to about 30 m deep (Figure 2). It enconpassed two estuaries
(Port Heiden and Port Moller) and a coastal |agoon (Izembek Lagoon), as
wel | as exposed coastal and inshore habitats. The estuarine systens are
representative of those in inner Bristol Bay. Izembek Lagoon deserves
special attention due to its highly productive character. Sanpling was
al so conducted in Ugashik Bay as a matter of opportunity (while seeking
refuge from unworkabl e weather conditions outside the Bay). Sanpl i ng
was focused at depth-stratified stations on six transects spaced
t hroughout the study area to include three with associated enmbayments
and three from exposed beaches (Figure 2). Depending on station charac-
teristics, each was sanpled by one or nore of the follow ng gear types:

17
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purse seine or tow net (targeting pelagic species): otter traw and beam
trawl (targeting demersal fish); beach seine (targeting littoral fish

assenbl ages ).

In 1985, our study area covered the sane area along the Al aska
Peninsula as in 1984, except that Ugashik (Transect O was added as a
formal transect and a new outside station (nunbered O was added at al
transects to extend sanmpling to 15 nautical niles offshore. Only
Transects O, 2, 4, and 6 were sanpled (the so-called “bay transects”)
Transects 1, 3, and 5 (the “open-coast transects”) were dropped to allow
greater sanpling replication at remaining transects (Figure 2). An
addi ti onal offshore sanpling difference was that the three stations
farthest offshore (nunbered O 1, and 2) were stratified by distance
of fshore at 24, 16, and “8 km (15, 10, and 5 nautical mles) in 1985,
versus the depth stratification approach of 1984. Due to this distance
stratification in 1985, sampling depths at the outside station (numbered
O ranged from 30 to over 50 m For the nobst part, nearshore or bay
sanpling stations in 1985 remi ned the sanme as in 1984. In contrast to
the 1984 sanpling with 5 gear types, 3 gear types (otter trawl, beam
trawl, and tow net) were dropped in 1985 and a new gear type added
(small purse seine). Thus, only the beach seine, purse seine, and snall
purse seine were used in 1985. The gear-type selection in 1985 was made

to place nore enphasis on pelagic species, especially juvenile salnon.

Three sanpling cruises were undertaken in 1984 (late June to
md-July, late July to mid-August, late August to m d-Septenber). In
1985, one 6-week cruise occurred from nmid-June to the end of July.
Sanpl i ng was conducted using a 55-foot, a 29-foot, and two smaller
vessel s. A total of 277 sets of all gear types was made in 1984, while

172 sets were nade in 1985.

Al fish captured were either processed on board or preserved for

| ater anal ysis.
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1.3 RESULTS AND CONCLUSI ONS

Weat her and surface sea tenperatures were strikingly different
between 1984 and 1985. For the three cruises in 1984, generally poor to
harsh weat her was experienced, while for the single extended cruise in
1985, much cal mer weather was generally present in the study area. Sea
surface tenperatures for simlar areas and tinmes of year were from1l to
2°C colder in 1985 than in 1984. Salinities for conparable areas and

times were quite simlar between these two years

The main difference in 1984 and 1985 results was the change in
catch ratios of demersal to pelagic fish assenblages due to dropping the
otter and beamtrawls and starting earlier in the 1985 effort. Wile
juvenil e salmonids nmade up less than 1 percent of all fish caught in
1984, these fish made up 52 percent of the total catch in 1985. Over
88,400 fish were caught by 277 sets of all five gear types deployed in
1984. In 1985, alnost 30,000 fish were caught by 172 sets of the three
gear types depl oyed. These catches represented 54 taxa, including al
five species of Pacific salnmn conmon in the eastern Pacific.

1.3.1 Salmonids

1984 - Cruises 1, 2, and 3

Despite the fact that over half of our 1984 sanpling effort (158 of
277 sets; Table la) was with gear types selected to catch juvenile
sal non, this group represented only about 1 percent of all fish cap-
tured. For exanpl e, our average catch of juvenile salmonids in purse
seines was only 8.21 per set (standardized to 10 minutes). Catches were
very patchy and the conclusions stated bel ow regarding catch patterns
are correspondingly weak. Cruise 1 (late June to mid-July) purse seine
catch of salmonids (8.60 per set) was dominated nunerically by coho
juveniles (78 percent; primarily because of one large catch on Transect
2) off port Heiden, followed by sockeye (23 percent), and chums (<1

percent). Cruise 2 (late July to md-August) purse seine catch (9.86
per set) was domi nated by sockeye (54 percent) and chum sal non (34 per-
cent ) . Catch rate was up markedly for both species. Juvenile coho (7

20



TAELE |a

TOTAL catch sumuary - 1 ses?
RAW CATCH BY SPECI ES

PUTSE Beach Z0X9 ater Seam Tot al
species Name Seine Sei ne Towne t Traw Traw Al CGear
Alaska Plaice 1 54(8) 460(6) 5 520 (9
Arctic cod 1 ! 2
arctic Fl ounder 7 3 10
Arctic Lanprey 9 4 13
Bering Poacher 2 19 357(7) 2 3s0
Brightbelly Sculpin 5 5
Butter Sole 20 20
Capelin ! !
Chinook Sal mon Juv. 2 2 3 26
chum Adul t 30 i 47
Chum Sal mon Juv. 288(6) 22 32(4) 342
Coho Adul t ! N
Coho Salmon Juv. 195(8) 21 222
crescent GUnnel 7 12 ! 20
Crested Sculpin 10 | 1 1 13
Dol | Y Varden Adul t 2 4 6
EU 1achen 13 9 22
Flathead S0l € | 4 5
G eat sculpin 1 | 2
Kel p Greenling ! b 7
Liparis SP | 5 6
Longhead | 2 164 1 167
ninespine St cklebacks 19 3 24(6) 46
Pacitic , 007 (1) 83(6) 4 3666( 2) ! 6761(4)
Pacific Halibut 1 64 1 66
Pacific Herring 4 3 742(3) l 750" 1)
Pacific Sandfish 292(5 5 28(5 44 369
Pacific Sand Lance 1102(2 33177(1) 20043(1 954(4) 55277 1
Padded sculpin 3 3
Pink Adult b b
Pink Sal mon Juv. 5 5
Plain Sculpin 4 ! 2 I
Pleuronectidae 2 1 3
Pond Srel t 21 27
Rai nbow Snel t 34 940(2) 7020(2) 285(10) 5 8292(3)
Ri bbed sculpin 11 11
Rock SOl € 5 29 1487(3) 26(3) 1547(6)
Sailfin Sculpin 2 2
Sculpin D 3 5 8
Silverspotted scuipin 6 2 8
Snake prickleback 3 4 5(9) 356(8) 40(2) 408(10)
Sockeye  Adul t 87(10) 1 88
Sockeye Sal mon Juv. 262(7) 33(10 8 303
Staghorn scuipin 159(4 40 199
Starry Flounder 5 106(5 15(8) 11 205
Sturgeon Poacher ! l 39 41
Surf~ Smel t ! 216(3) ! 218
Threaded sculpin 7 318(9) 332
Thraespine Stickl ebacks 3 4 7
Tidepool Sculpin | |
Tubanose Poacﬁ:ar 14 ! 174 192
Unid. Cods 163(9) 163
vnia, Snelt 3 14 15(8) 2 62
Vil | eye pollock 557(4 3l 588 B)
Whi tespotted Greenling 1090( 3 35(9) 7(10) 615(5) 3 1750(5)
Vol f - eel 6 6
Yellowfin SOl € 19 T4(7) 20(7) 8657(1) (1) 8849( 2 )
Totals ) VAL 39177 21979 17682 177 80430
Al Juvenile saimonids 771 84 43 898
Nunber of Hauls n 47 40 17 2 217

® Nunbers in parentheses ( ) repreeent ranking of catches.
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TABLE Ib

TOTAL CATCH SUMVARY - 1985°
RAW CA TCHBY SPECI ES

Conmmon Smal | Purse Beach Tot al
Speci es Nane Sei ne Sei ne Sei ne A1l Cear
Alaska Pl aice 52 52
Arctic Fl ounder 94 94
Arctic Lanprey 2 7 9
Cape 1in 3 106 109
Chi nook Sal mon Juv. 2 2 2 6
Chum Sal mon Adul t 23 2 25
Chum Sal non Juv. 758(2) 403(3) 3970(2) 5131(3)
Cod Unid. 4 4
Coho Sal mon Juv. 52 178(5) 61 291(8)
Dol ly Varden Adult 7 2 9
Dol 'y Varden Juv. 40 40
Great Sculpin 1 3 4
Greenling Unid. 1 1
Ni nespine Stickl ebacks 2 2
Pacific Cod 10 2 12
Pacific Herring 15 27 13 55
Paci fic Sandfish 1 81 82
Paci fi ¢ Ssandlance 336(4) 1006(2) 8308( 1) 9650( 1)
Pink Sal mon Adul t 4 4
Pi nk Sal non Juv. 115(5) 5 832(4) 952 5)
Pond Smrel t 96 96
Rai nbow Snel t 700( 3) 13 2033( 3) 2746 4)
Rock Sol e 13 13
Saddl eback Gunnel 3 3
Sculpin Unid. 1 1
Snelt Unid. 6 6
Snake Prickleback 1 77 78
Sockeye Sal mon Adul t 386(4) 386(7)
Sockeye Sal non Juv. 738(1) 8498(1) 5 9241(2)
St aghorn Ssculpin 2 1 49 52
Starry Flounder 6 610(5) 616(6)
St urgeon Poacher 1 3 4
Threaded Sculpin 1 1
Threespine Stickl ebacks 2 33 3 38
Tubenose Poacher 0
WAl | eye Pollock 15 2 17
Whi t espotted Greenling 4 121 3 128(9)
Yellowfin Sol e 7 20 27
Total s 2732 10988 16266 29986
a

Numbers i n parentheses ( ) represent ranking of catches.
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percent) and chinook (4.6 percent) were also conmon during Cruise 2.
Pink salnmon juveniles were only taken in Cruise 2, Transect 4 (Port
Moller), Station 1. Purse seine catch rate (5.82 per set) in the third
cruise was substantially lower than in the second, despite one very
| arge catch (Transect 1). Chum sal non juveniles dom nated this single
| arge catch and, hence, dom nated the total catch nunmerically (94 per-
cent of all juvenile salnon). Sockeye followed (6.9 percent) with the
remai nder conprised of coho and chinook juveniles.

Stations 1 and 3 (27 m 11 m had a higher overall purse seine
catch rate for juvenile salmonids (all species, cruises, and transects
conbined) than did the intermediate Station 2 (20 m), primarily because
no single large catch was nmade in any of the sets at Station 2. During
Cruise 2, when the nost conplete purse seining coverage was achieved (3
stations on each of 5 transects sanpled), there was a steady increase in
the numbers of juvenile salnmon with distance offshore.  CGeographical 1y,
the overall purse seine catch rate (all species and stations combined)
was greatest during Cruises 1 and 3 at the inner Bristol Bay transects
(1 and 2), declining at mddle-bay transects (3 and 4), and declining
further at the outer transects (5 and 6). During Cruise 2, strong
catches of chuns and sockeye on Transect 3 altered this picture
somewhat; however, catch rates on Transects 1 and 3 greatly exceeded
those on Transects 4 through 6. Lengt h—frequency eval uations nade for
the small sanple of juvenile sockeye and chum sal non taken in 1984
showed reasonable patterns of growth and novenent through the study

area.

Qur low catch rate for juvenile salmonids in 1984 (conpared to that
of earlier studies) was attributed to smaller seine size and to our late
start which likely mssed peak sockeye mgrations. It wasal so thought
that our catch rates (e.g., Cruise 2 purse seine results) mght reflect
| ess preference for shoreline areas (which are extremely dynamc in the
Bering Sea) than is the case for other areas.
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1985 - Cruises 4a and 4b

Systematic coverage of the study area from mid-June through July
1985 reveal ed that |arge nunbers of juvenile salmonids seasonal ly occupy
the nearshore waters of the North Aleutian Shelf (NAS). A total of
15,619 juvenil e salmonids was captured in 97 large purse seine sets, 34
smal | seine sets, and 41 beach seine sets (Table Ib, p. 22) . Approxi-
mately 59 percent of all salmonids were sockeye, 33 percent were chum, 6
percent were pink, 2 percent were coho, and < 0.1 percent were chinook

Strong trends in relative abundance were apparent in the sockeye
catch data. Hi gh nean |arge purse seine CPUE (88.5 fish/set) conpared
to those for small seine (22.4) and beach seine (0.1) describe a coasta
distribution for sockeye with relatively little use of littoral habi-
tats. Purse seine CPUE declined with distance down the Al aska
Peni nsul a, distance offshore, and time. Conparatively larger catches of
sockeye juveniles at inner bay transects (Ugashik and Port Hei den)
suggested a narrow migration corridor |ess than about 15 nautical mles
(rim wide, whereas snaller catches at outer bay transects indicated that
the migration band either dispersed or was displaced offshore between
Port Heiden and Izembek Lagoon.

Smal | nunbers of juvenile coho salnon were taken routinely, but not

consistently, at all locations in 1985. Mean CPUE for the survey (al
gear conbined) was 1.7 fish per set. Abundance generally increased
over tinme and with distance out of Bristol Bay. Coho were rare or

absent in beach seine and small seine catches at Ugashik and Port Heiden
at all times, but were common in all gear and at all times at Port
Moller. The consistency of catches at all tinmes and in all habitats
suggests that Port Moller is an inportant secondary rearing area for

juvenile coho sal non.

Juvenile chum sal mon were present only in intertidal habitats
i nside Port Moller during the first half of the 1985 survey period
(Cruise 4a; June 16 to July 7), but became relatively abundant
t hroughout the study area in the second half (Cruise 4b; July 8 to 28).
Mean CPUE for chums was 30.5 fish per set (all gear conbined), although
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much of this was due to a single beach seine catch of nearly 3,300 fish.
A shift fromintertidal to subtidal and offshore habitats was evident
from changes in CPUE of each gear type over tine. The pattern of habi-
tat utilization in Port Moller clearly shows this estuary to be an
inportant nursery area for |ocal chum sal non stocks.

Pink salnon were not widely distributed in the study area in 1985.
Mean CPUE for this species was 5.7 fish per set (all gear comnbined).
Juvenile pink salmon were taken only at port Mcller, with the exception
of two migrants captured in purse seine sets at Ugashik on the last days
of the survey. The low incidence of migrating juvenile pink salmon in
purse seine catches probably was due to the termination of sanmpling
early in sumrer before Bristol Bay pinks had arrived in the study area.

Only six juvenile chinook were taken by all gear during the 1985
survey. Four of the six were taken near Ugashik Bay, which is known to
support a run of adults. It is possible that juvenile chinook mgrated
out of the study area earlier, perhaps at depths inaccessible to the
purse seine, so that small catches do not accurately reflect the rel a-
tive abundance of this species in the NAS study area.

Sockeye Salnon Scale Pattern Analysis

Statistical evaluation of differences in fish growh by analysis of
scale patterns is frequently used to distinguish individual stocks com
prising mxed-stock sanples. Previous stock identification studies
suggested that the growth patterns in scales of Bristol Bay sockeye
sal mon were neasurably different between stocks. Resulting estimates of
stock m xing proportions could provide additional information on mgra-
tion rates and routes of particular sockeye stocks in the eastern Bering
Sea. W conducted a simlar study to identify the rivers of origin of

juvenile sockeye in purse seine catches at the Ugashik and Port Hei den
transects.

A linear discrimnant function (LDF) anal ysis of scale neasurenent
data revealed that differences in scale growth patterns were not as
distinct in 1985 as had been expect ed. Known sanpl es of the scaepat-
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terns specific to each of the five major Bristol Bay stocks were
assenbl ed from scales collected in each system during the period of
smelt outmigration in 1985.  Statistical conparisons of scale patterns
wi thin and between these “training” sanples established the accuracy of
the LDF in assigning stock nenbership to the scales of unknown origin
(captured in this survey at Ugashik and Port Heiden). Unfcrtunately,
Ugashi k, Naknek, and Wod River scales were virtually indistinguishable.
It is noteworthy that the size of Whod River snelts in 1985 was the
second | argest since 1954, which undoubtedly masked the expected
di stinction between this stock and the others. Resultant classification
accuraci es achieved were 60.3 percent for a Wod River-excluded LDF and
64. 3 percent for a Ugashik-excluded LDF. (These exclusions were made

based on known migration tinming characteristics.)

In view of the poor separability of scale patterns in 1985, stock
classification of the 318 scales of unknown origin was not very neaning-
fu . The LDF anal ysis suggested that catches in all tinme periods, from
June 19 and 20 to July 27 and 28, were predonmi nantly Naknek sockeye.
Al though stock conposition estimates were not conpletely unrealistic,
their poor reliability precluded any concl usive statenents regarding
stock conposition of catches at Ugashik and Port Heiden.

Adul t Salmonids

Adult salnon were not specifically targeted in this survey because
their numbers and distributions in the NAS study area are docunented by
comercial catch and escapenent records mmintained by the A aska Depart -
ment of Fish and Ganme (aDF&G). These records showed that nearly 4.6
mllion sal non were caught or escaped to spawning grounds within the
boundaries of our study area in 1985. Sockeye were nost abundant (3.4
million), foll owed by chum (0.9 million), coho (0.3 million), chinook
(37,000) and pink (4,900). Port Moller and Bear River areas forned the
center of salnmon abundance. Adult sockeye captured off Ugashik Bay were
found to be aggressively feeding on euphausiids on June 20 and on July
12, 1985. Evi dence of feeding within the influence of freshwater was
unexpect ed, although the ultimate destination of feeding fish could not

be determ ned.
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Di scussion of 1984 and 1985 Results

It is more appropriate to view the results of 1984 sanpling as an
extension of 1985 activities rather than to conpare results across
years. Virtually all of Cruise 4 (1985) was conpleted in water tenper-
atures |ower than those recorded at the beginning of Cruise 1 in 1984.
The relative climatological (and, presumably, biological) timng of 1984
and 1985 sanpling periods was alnobst wthout overl ap. Therefore, the
results of the 1985 survey should be viewed as representative of condi-
tions that may have existed in 1984 before our sanpling activity began
Simlarly, the 1984 results nmay be representative of conditions that my
have existed in 1985 after the termination of sampling activity.

The 1985 results disproved one of our originally proposed (Houghton
et al. 1985) explanations for |ow salmonid CPUE in 1984 and confirms
anot her. As a result of consistently small catches of juvenile salmo-
nids in 1984, it was suggested that either the survey had m ssed peak
abundances of juvenile sockeye in the study area, or that nearshore and
estuarine habitats in the NAS study area were not heavily utilized by
juvenile salmenids. Since sanpling began much earlier in 1985 relative
to peak migratory activity of juvenile sockeye salnon, it was confirned
t hat peak abundances of sockeye undoubtedly had occurred in the study
area in 1984 prior to start-up of survey activities. Further, com
paratively |arge catches of salmonids in 1985 denpbnstrate that nearshore
and estuarine waters are very inportant rearing and mgration habitats
for juvenile salmonids, especially sockeye and chum sal non.

The nodel of sockeye salmon migration proposed by Straty (1974) is
| argely supported by the present results, to the extent that the surveys
overl ap. The intensive inshore coverage in the present study conple-
ments the extensive offshore sanpling of the earlier survey. Maj or
trends in the migration patterns of juvenile sockeye in 1984-1985 were
nearly identical in nany cases to those docunmented by Straty — for
exanpl e, the strong shoreward bias of catches off Port Heiden.

W woul d anend the Straty nmodel only to point out, as noted above,

that interannual variation in the factors influencing the tine/space
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pattern of migration can be quite pronounced; thus, they may substan-
tially modify details of the general migration patterns concluded from

that survey.

As for the other species of salnmon, new data accunulated in course
of R.U. 659 indicate that coastal enbaynents in the NAS study zone are
hi ghly inportant for juvenile chum pink, and coho sal non. Data for
chi nook sal mon are inconclusive on this point, but we know that |ocally
inportant runs of adults return to both the Nushagak and Ugashi k
syst ens. Port Moller supports inpressive numbers of juvenile sal non,
especially pinks and chums, and appears to be nore inportant in this
respect than other embayments along the north side of the peninsula.

1.3.2 Nonsal noni ds

1984 - Cruises 1, 2, and 3

O the 88,436 fish captured in the 1984 sanpling, 99 percent,repre-
senting 47 taxa, were nonsalmonids (Table la). By far the npbst dom nant
species was Pacific sand lance,which conprised 62.5 percent of all fish
capt ured. Sand | ance were the npst abundant species in both the beach
seine and tow net and ranked second (to Pacific cod) in purse seines and
fourth in otter traws. These results seemto confirmthis species’
role as one of, if not the nost, inportant forage fish in this part of
the Bering Sea. Densities appeared greater in the inshore waters
(inside the 6-m isobath fished by the beach seine and tow net) during
the first two cruises. Sand lance were widely yet irregularly distri-
buted throughout the study area with significant concentrations encoun-
tered in beach seines in and outside of Port Moller during the first
cruise (late June to md-July), and in otter traws in Izembek Lagoon
during the third cruise (late August to nid-Septenber). (Izembek Lagoon
was not sanpled in the first cruise.)

The second nmpst abundant pel agic species in our 1984 catches was

the rai nbow smelt,which comprised 9.4 percent of the total catch (ranked
second in both the beach seines and tow nets). Li ke the sand | ance,
rai nbow snelt were nost abundant in nearshore gear.
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The third nost abundant fish taken in the pelagic habitat in 1984
was Pacific cod, which ranked first in purse seine and second in otter
traw catches. This distribution denonstrates the preference of juve-
nile cod for offshore pelagic as well as denersal habitats. Catches in
the second and third cruises greatly exceeded those in the first cruise,
partially, at least, due to recruitnment to the gear. Wi t espot t ed
greenling (third in purse seine), Pacific herring (third in the tow
net), and walleye pollock (fourth in the purse seine) rounded out the
most abundant nonsalmonids encountered in the pelagic habitat.

Oter trawl catches (nean fish weight per traw) displayed no clear
north-south trends, with Transects 1 and 6 having the highest val ues
(all species and offshore stations conbined). O the offshore stations
(at 6, 11, and 20 mM the n-m station had the highest catch per unit
effort (CPUE) on the three northern transects and the Izembek transect
but was relatively lower on the remaining two transects. Stations
inside Port Moller had much higher otter traw catches than those out-

side, while the opposite was true for the Izembek transect.

Denersal fish communities sanpled by otter trawl were dominated in
order by yellowfin sole, Pacific cod, rock sole, Pacific sand |ance,
whi tespotted greenling, and Al aska plaice. Yellowfin sol e were widely
distributed in the study area. The only apparent trend was for | ower
catches (nunbers) in Izembek Lagoon conpared to Port Moller. There was
also a steady overall decline in catch through the sanpling period.
Rock sole |ikew se showed little geographic pattern but had a generally
declining capture rate (nunbers) over the sanpling period.

Lengt h-frequency eval uations were conpleted for the nobst inportant
species and contributed to our overall understanding of the patterns of

use of these areas by nonsalmonids.

1985 - Cruises 4a and 4b

Since otter trawing was not conducted in 1985, all but the inci-
dental catch of denersal fish was elinmnated. The 1985 sanpling of non-

salmonids focused on pelagic fish assenblages that could be taken with

29



the large or small purse seines and the littoral fish assenbl ages taken

in both years with beach seines.

O the 25 nonsalmonid species taken in 1985, only 6 species are
consi dered pelagic. Despite this, pelagic fish species domnated the
1985 sanpling effort. Pacific sand lance and rainbow snmelt nade up 41
percent of the total number of fish taken in 1985. \While their nunbers
appeared to be fewer than in 1984, Pacific sand |ance again were shown
to be a very inportant forage fish in the study area. As in 1984, rain-

bow snelt was the second ranked nonsalmonid.
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2. 0 | NTRODUCTI ON

2.1 PROJECT BACKGROUND AND OBJECTI VES

Anticipation of oil and gas |ease sales in the North Aleutian
Shel f (NAS), St. George Basin, and to a |lesser extent the Navarin Basin,
established a need for a greater understanding of the interrelationship
of various conmponents of the marine ecosystem of the Bering Sea. The
Bering Sea as a whol e produces a substantial fraction of the world' s
annual harvest of seafoods, wth major fisheries for salnon, large
shel I fish (king and tanner crab), and groundfish (halibut, pollock, and
cod ) . Lesser harvests of forage species (herring) and marine manmal s
(fur seals) also occur. Shellfish and finfish resources in the south-
eastern Bering Sea and Bristol Bay support asubstantial proportion of
these conmercial fisheries. Donestic harvests of salnon, crab, demersal
fish, and groundfish stocks are valued at over $1 billion annually,
with salnmon and crab catches together accounting for over $400 million
in recent years. In potential conflict with these living renewabl e
resources is the need to explore and possibly devel op deposits of petro-
| eum and gas suspected to underlie the St. George Basin and the NAS.

The area of interest in this study, Bristol Bay from Cape Sarichef
to Cape Newenham inside the 30- to 50-misobath (Figure 1), is thought to
be an integral part of the Bering Sea ecosystem as a whole; it supports
concentrated use at various tines of the year by a wide variety of orga-
nisms, including many that are of extreme commercial, ecological, and
political inportance. Because of the immense resource and ecol ogical
value of the area, there is a very high | evel of concern anong the
fishing industry, regional natives, conservation comunity, and the

general public regarding the potential inpacts of oil and gas devel op-
ment in the region.

OCSEAP has recogni zed the potential for conflict and the need for
addi tional information upon which to base nanagenent decisions. A
variety of research prograns has been funded in the southern Bering Sea
since 1975, culmnating in the North Al eutian Shelf Synthesis Report
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(Thorsteinson 1984) and the Environmental Characterization of the North
Al eutian Shelf Nearshore Region (Rinnetic Laboratories, Inc. 1984) .
This latter document attenpted to summarize all available information on
the area and to describe the ecol ogical processes which mght support
the observed biological distributions and productivities. -This report
al so sought to develop an endem c trophic system nmodel for the North
Al euti an Peninsul a nearshore zone and to identify research and assess-
ment information needs. Kinnetic Laboratories, Inc. (1984) concluded
that significant data needs remain. One of these needs was in the
general understanding of the inportance of the nearshore zone to inpor-
tant marine fishes (especially juvenile anadromous salmonids) and the
vul nerabilities of these resources to potential OCS devel opnent inpacts

Bax (1985) provided an assessnment of sone of these potential inpacts on
salmonids using the historical data of Straty (1974) and Hartt and Del

(1978).

Participants at the NOAA MV5-sponsored NAS Synthesis Meeting
(Thorsteinson 1984) were asked to evaluate the status of information on
the distribution and abundance of commercially valuable fish resources
inrelation to oil and gas devel opnent in the proposed | ease area.
Particular attention was given to potential inpacts on Pacific sal non,
since both juveniles and adults of this valuable resource are known to
seasonal |y occupy areas of the NAS expected to be npst severely inpacted
by OCS devel oprent. However, larval and adult forms of other commrer-
cially significant finfish species also feed, mature, and reproduce in
t he nearshore marine waters of the NAS The life functions of these
species nornmally are limted in the time or space in which they nay be
performed successfully (e.g., reproduction usually is constrained to
specific habitats and seasons, and young fish nmay require specialized
nursery areas). These constraints on time and space are thought to
influence in large part the nortality rate of larval forns of many fish
speci es. It is assuned that a major risk in petrol eum devel opment is
the potential introduction of a pollutant that may accentuate these
natural constraints. Proceedi ngs of the workshop (Thorsteinson 1984)
confirned that there were major information needs regarding seasonal
abundance of pelagic and denersal fish in nearshore areas of the NAS
vul nerable to perturbation by OCS devel oprent.
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As a result of these information needs, inpact analyses in the
Envi ronnental |Inpact Statenent (g1s) for the North Al eutian Basin Sale
92 (MMS 1985) were based in the case of juvenile salnonids on a series
of broad generalizations regarding timng and novenent patterns derived
fromthe earlier purse seining reported by Straty (1974, 1975, 1981) and
the subsequent synthesis neeting (Thorsteinson 1984).

A mgjor goal of the present study was to evaluate the applicability
of these generalizations, based nobstly on data from outside the 20-m
isobath, to fish distributions nearer to shore in habitats nore vul ner-
able to effects of spilled oil. Thus, the research was designed to pro-
vide the baseline descriptions of fish assenblages needed to assess wth
greater confidence potential and actual inpacts of oil and gas devel op-

ment on natural resources of the study area (Figure 2). Specific objec-
tives were to:

0 Describe the species conmposition of demersal and pelagic fish
assenbl ages in poorly studied nearshore, intertidal, and
estuarine habitats of the study area.

0 Deternmine relative abundances of species by habitat, area, and
season (spring, summer, and fall).

0 Describe changes in distributions of adults and juveniles
occurring over time scales of tide cycles to seasons, including
i nshore-of fshore migrations and directed nigrations through the
study area.

0 Characterize habitats in ternms of physical properties and fish
assenbl ages.

0 Revi ew and update the existing information base on Bristol Bay
and north Al aska Peninsula salnon stocks (for both adults and
juveniles).

This program enphasized the need to extend sampling to habitats not

considered in previous investigations of fish novenents in the NAS |ease
ar ea.
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2.2 CURRENT STATE OF KNOW.EDGE

2.2.1 Juvenil e Ssalmonids

O the inner Bristol Bay sockeye sal mon (oncorhynchus_nerka) pro-

ducing river systens, the snelt outmigrations from the largest system

the Kvichak, and from the Wod River Lakes system in the Nushagak
District have been routinely assessed by the Al aska Department of Fish
and Gane (ADF&G). Snelt outmigration information for the other mgjor
producers (Naknek, Egegi k, and Ugashik) is nuch |ess consistent, but at
present these systens are al so being assessed annual ly. I nformation on
smolts produced in peninsula systens southwest of ugashik is very
limted, although data are available on adult escapenent to these systens

{BDF&G unpubl i shed data; A. Schaul, ADF&G, personal communication).

The freshwater life-history of juvenile salmonids has been reason-
ably well studied in many major Bristol Bay systens. However, even this
aspect has been largely unexplored in many Al aska Peninsula streans. In
response to proposed oil pipeline and proposed heavy metal mining activ-
ity, the U S. Fish and WIldlife Services (USF&WS; Lanigan and Wagoner
1985) studied the 1984 distribution of salmonids and other fishes in the
Meshik River, which drains into Port Heiden. Dlugokenski (1985) provided
details of planned 1985 field studies by USF&Wws in Port Moller and
Izembek Lagoon. These studies focused on resident and anadromous fishes
of local streans and adjacent marine areas. The results of those studies

were not available as this text was witten.

The early marine life-history of juvenile salnon in these inshore
waters, in general, remained virtually unstudied. The significance of
the inshore waters from Ugashik south for vast nunbers of juvenile salnon
frommajor systens in the inner bay is only hinted at by available data
(e.g., Straty 1974; martt and pell 1978; Figures 3 through 7 and Appendi x
F). Therefore, it can be concluded that the juvenile salnon resource at
risk fromthe “lesser” systens close to areas of vulnerability to oi
devel opment is not thoroughly understood

The abundances of juvenile salnmon in the migrations from Bristol Bay
were expected to be much different in 1984-85 than they were in 1969-70,
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as reported by Straty (1974; Figure 6). The parent escapenents for the
chum (O_ keta) and chinook (QO. tshawytscha) migrants in 1984 and 1985
wer e about double the escapenents for the migrants in 1969-70. Coho (O.
ki sutch) abundance has increased since 1977, and although escapenents are
unknown, it is likely that there was a larger nunber of juveniles in 1984
and 1985 than there was in 1969-70. Pink salmon (Q. gorbuscha) juveniles
were expected to be scarce in 1984 since odd-year runs of adults are very
smal | ; however, they were expected to be abundant in 1985 since there was
a good run of adult pinks in 1984. The parent sockeye sal nmon escapenents
for the smelt migrations in 1984-85 were about 22 percent |arger than the
parent escapenments for the 1969-70 migrations; but nore inportant is the
fact that the distribution of the escapenents anong the Bristol Bay
stocks was quite different between the 1969-70 migrants and those occur-
ring in 1984-85. The ugashik and Nushagak stocks should have produced a
much greater nunber of snelts in the 1984-85 nmigrations than they did in
the 1969-70 migrations, and the Naknek-Kvichak stocks should have pro-
duced fewer snelts in the 1984-85 migrations; however, they probably
still produced nmore snelts than any of the other Bristol Bay stocks.

Al'though snelt/fry outnigrant nunbers from lower Al aska Peninsula streans
are small, relative to the Kvichak and other |arger systens, they are
locally inmportant and nay be at higher risk due to their proxinmty to
potential oil devel opnent areas.

Even though data from Straty (1974) and Hartt and Dell (1978) are
pertinent to the nore offshore regions of the study (e.g., greater than
15 nautical niles offshore; Figures 3 through 7), several important
questions about the distribution of juvenile salmonids remain unanswered.
The larger adult escapements and smelt/fry outmigrations in the mid-1980s
may have altered the tenporal and spatial distributions of juvenile
sal mon abundance relative to those seen in the years of earlier work.
Furthernore, the fact that few chum or pink salnmon juveniles were taken
in purse seines may nean that the (presumably) smaller chumand pink fry
escaped through the mesh, or that they sinply were not offshore in the
vicinity of sanpling. A central question is whether juveniles of these
species are nore dispersed from nearshore areas, or are denser in
nearshore areas. While quantitative conmparisons are difficult with the
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| evel of effort available, we had at |east hoped to conclude whether

juvenile salmonid nunbers are significant in the nearshore areas relative
to the areas studied by straty (1974) and Hartt and Dell (1978).

LG Ecol ogical Consultants (1985) provided limted information on
juvenile salnobn in the study area fromtheir 1984 sanpling effort, but
few were taken in their catches because of gear selectivity and timng of
sanpling efforts in the pelagic environment. LG (1985) did report sone
95 chum sal mon taken in Izembek Lagoon with gill nets and beach seines in
July 1984, and fromthis effort and other studies, concluded that this
species was a domi nant summer transient in the |agoon. L& (1985) also
reported on the stomach contents of a total of 47 adult sockeye and chum
sal non (June 1985), as well as 49 juvenile sockeye, pink, and chum sal mon
(July 1985). From these data, they derived some estimates of the quan-
tities of prey species consuned in Bristol Bay by adult and juvenile

sal non.

2.2.2 Pelagic and Denersal Marine Fishes

2.2.2.1 previous Work

I nformati on about the occurrence of approxinmately 64 marine and/or
anadromous fishes within the nearshore (< 50 m) waters of Bristol Bay,
from Cape Sarichef to Cape Newenham is available from seven sources
McRoy and Peden (1964), Tack (1970), Baxter (1976), Stern et al. (1976),
McMurray et al. (1984), Grabacki (1984), and LGL (1985) (Table 2).
Approximately 54 species are strictly marine

The fishes of Izembek Lagoon have been assessed in several separate
studies using a variety of methods. McRoy and Peden (1964) sanpled the
| agoon in early August 1963 and late August 1964 using an otter traw, a
beach seine, and a gill net, in addition to rotenone. Col | ections by

these neans yielded 26 fish species (Table 2).

A small|l otter trawl and a push net were used to quantitatively
sanmpl e the fishes of Izembek Lagoon during July and August 1968 (Tack

1970). Twenty-five species of fish belonging to 11 famlies were taken
during this study (Table 2). Al t hough the nunbers of species taken by
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TABLE 2

LIST OF FISHES WTH N SHALLOW (<50 M MARI NE WATERS
FROM CAPE SARI CHEF TO CAPE NEWENHAM

Scientific Nanmea Conmmon__Nane® Sour ce’
Raj a aleutica G| bert Al eutian skate 1
Clupea harengus pallasi Valenciennes Pacific herring 2,3,8
Oncorhynchus gorbuscha (Walbaum) pi nk sal mon 4,5
Oncorhynchus keta (Walbaum) chum sal non 3,4,5,7,8
Oncorhynchus Ki sutch (Walbaum) coho sal non 4,58
Oncor hynchus nerka (Walbaum) sockeye sal non 4,5
Oncorhynchus t shawy tscha (Walbaum) chi nook sal non 4,8
Salmo gai rdneri Richardson st eel head 4
Salmo clarki Richardson cutthroat trout 4
Salvelinus malma (Walbaum) Dol 'y Varden 3,4,57
Gsnerus dentex = O  nordax (Mitchill) rai nbow snel t 2,3,5,7,8
Hyponmesus pretiosus (Girard) surf snelt 3,5, 7
Hypomesus olidus (Pallas) pond smel t 8
Mallotus villosus (Muller) capelin 1,2,5
Thal ei cht hys pacificus (R chardson eulachon 8
Bor eogadus sai da (Lepechin) Arctic cod 2
Eleginus gracilis (Tilesius) saffron cod 3,8
Gadus nmacrocephal us (Tilesius) Pacific cod 1,2,3,5,7,8
5
Theragra chalcogramma (Pallas) wal | eye pollock 1,3
Gast er ost eus aculeatus (Linneaus) t hreespi ne stickle-
backs 3,5
Pungitius pungitius (Linneaus) ni nespi ne stickle-
backs 8
Tri chodon trichodon (Tilesius) Pacific sandfish 1,2,8
Sti chaei dae pri ckl ebacks 1
Lumpenus nmackayi ? pri ckl eback 2
Lumpenus sagitta Wilimovsky snake prickleback 2,8
Lumpenus fabricii (Valenciennes) sl ender eelblenny 8
Pholis | aeta (Cope) crescent gunnel 3,5,8?
Anar hi chas orientalis Pallas Bering wol ffish 2,8
Ammodytes hexapt erus Pallas Pacific sand |ance 1,2,3,5,7,8
Hexagr anm dae gr eeni ngs 1
Hexagr ammos stelleri Til esi us whi t espot t ed
greenling 2,3,5,7,8
Hexagr anmbs octogrammus (Pallas) masked greenling 3,5,8
Hexagr ammbs supercilious = H_
lagocephalus rock greenling 5
Cottidae
Bl epsi as bilobus Cuvier crested sculpin 8
Leptocottus armatus Grard Pacific staghorn
sculpin 3,5, 7
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TABLE 2 ( Conti nued)

Scientific Name2 Conmon__Nare® Sour ce’
Artediellus miacanthus? sculpin 2
Artedius fenestralis Jordon & G bert padded sculpin 5
Enophrys diceraus (Pallas) antl ered sculpin 8
Eurynen gyrinus? Glbert & Burke “smoot h cheek”

sculpin 8
Enophrys claviger? sculpin 2
Gymnocanthus galeatus Bean arnor head sculpin 2,8
Hemilepidotus jordani Bean yellow Irish lord 1,5
Hemilepidotus henil epi dotus (Tilesius) red Irish lord 5
Megalocottus platycephalus (Pallas) bel I'i gerent sculpin 2,8
Microcottus sellaris (G | bert) brightbelly sculpin 1,2,3,8
Myoxocephalus axillaris? sculpin 2
Myoxocephalus mednius? sculpin 3
Myoxocephalus niger (Bean) wart head sculpin 3
Myoxocephalus jaok (Cuvier) pl ai n sculpin 1,2,8
Myoxocephalus guadricornis (Linnaeus) fourhorn sculpin 2
Myoxocephalus scorpius (Linnaeus) shorthorn sculpin 2,8
Myoxocephalus polyacanthocephalus (Pallas) (great sculpin 5
Blepsias cirrhosus (Pallas) silverspotted sculpin 3
Nautichthys pribilovius (Jordan & G lbert) eyeshade sculpin 2
Icelinus borealis G bert northern sculpin 3
Triglops pingeli Reinhardt ri bbed sculpin 1,2,8
Agoni dae poachers 1
Agonus acipenserinus Tilesius sturgeon poacher 1,2,3,5,8
Occella dodecaedron {(Tilesius) Bering poacher 1,2,58
Pallasina barbata (Steindachner) t ubenose poacher 2,3,5,7,8
Liparis cyclopus QGunt her ri bbon snailfish 2,58
Liparis cyclostigma G| bert pol ka-dot snailfish 8
Liparis Sp. snai l fish 2
Hippoglossus stenolepis Schni dt Pacific halibut 1,5,7,8
Hippoglossoides elassodon (Jordan &

G | bert) flathead sole 1,8
Limanda aspera (Pallas) yellowfin sol e 1,2,3,7,8
Limanda proboscidea G | bert | onghead dab 1,2,3,8
Li opsetta glacialis (Pallas) Arctic flounder 2
Lepi dopsetta bilineata (Ayres) rock sole 1,3,7,8
Platichthys stellatus (Pallas) starry flounder 1,2,3,5,7,8
Pleuronectes quadrituberculatus Pallas Al aska plaice 1,2,8
Glyptocephalus zachi rus Lockington Rex sole 8

“after Robins et al. 1980,
1 = McMurray et al. 1984
2 = Baxter 1976
3 = Tack 1970
4 = Stern et al. 1976
5 = McRoy and Peden 1964
7 = LG 1985
8 = Grabacki 1984

except for species followed by “?".
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McRoy and Peden (1964) and Tack (1970) were simlar, the conposition was

very different with a conbined total from both studies of 37 species.

A third study in Izembek Lagoon, which focused on the osmoregula-
tion of the fishes, was nmade during July and Cctober 1970; April,
August , and Cctober 1971; and May 1972. A small otter traw was used
along with a beach seine, a gill net, a hoop net, and a push net (Smith
and Paul son 1977). A total of 23 fish species was collected; only two
species were not on the previous list of 37. The two new species, the
sculpins, Arctic sculpin (Myoxocephalus scorpioi des) and M axillaris,
are thought to be synonynmous (R Baxter, Bethel, AK, personal com
muni cati on 1985).

Most of the fishes collected by Tack (1970) were juveniles. Four

species were anadromous: chum sal nmon, Dolly Varden (Salvelinus malma),

rai nbow smelt (Osmerus mordax), and surf snelt (Hypomesus pretiosus ) .

El even benthic, nine denersal, and five pelagic species were also taken.
The 11 benthic species included five species of sculpins (Cottidae) and
four species of flatfish (Pleuronectidae). The cods (Gadidae) and
greeni ngs (Hexagranm dae) nmade up over half of the nine denersal spe-
cies. The pelagic species were herring (Clupeidae), smelts (Osmeridae),
and salmonids (Salmonidae). Wth the exception of the cods and the
flatfishes, yellowfin sole (Linanda aspera), rock sole (Lepidopsetta

bilineata), and all other benthic and denersal species are known pri-
marily fromwaters |ess than 30 m deep (Tack 1970).

Three distinct communities were identified in Tack's study: (1)
the eelgrass community dom nated by the tubenose poacher (Pallasina bar-

bata) and t he masked greenling (Hexagrammos octogrammus); (2) the chan-
nel conmmunity dom nated by whitespotted greenling (H. stelleri); and (3)
the sand flat community dominated by the Pacific staghorn sculpin

(Lept ocottus armatus).

O the fishes collected by Smith and Paul son (1977), seven were

identified as nearly year-round residents of the |agoon: surf snelt,
t hreespi ne sticklebacks (Gasterosteus aculeatus), whitespotted and nasked
gr eeni ngs, brightbelly sculpin (Microcottus sellaris), tubenose
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poacher, and Myoxocephalus axillaris. “Four species occurred only in

the summer: crescent gunnel (Pholis laeta), Pacific staghorn sculpin,

rock sole, and starry flounder (Platichthys stellatus).

In 1984 and 1985, LG (1985) conducted eval uations of Izembek
Lagoon as part of a larger study, and based on their field studies and
those of others, they summarized this lagoon’s fish assenbl ages as
follows: “The domi nant residents are the tubenose poacher, whitespotted
and masked greenings, and surf smelt; the domi nant summer transients
are chum sal non juveniles and adults, sand lance, staghorn sculpin,
pollock young-of-the-year, and Pacific cod. Herring and capelin nay

pass through the |agoon as well.”

During August 1974 and June 1975, a resource assessnment was made of
the inshore (< 50 m) marine waters of northern Bristol Bay and | ower
Kuskokwi m Bay (Baxter 1976). The resulting docunment provided infor-
mati on on the potential comercial fisheries within the 12-nile con-
tiguous fishery zone of these two enbaynents. Only two organi sms were
recogni zed as being able to support a nmmjor comrercial fishery, the

Pacific herring (Clupea harengus pallasi) and the capelin (Mallotus

villosus). Information on marine fishes was nainly obtained by denersal
trawing, although longlining and intertidal surveys were also enployed.
A total of 32 fishes (31 marine species and 1 anadronpus species
[rainbow snelt]) were caught at 242 stations between Nushagak Bay and
Cape Newenham (Table 2). The yellowfin sole was nore than tw ce as
abundant as any ot her species. O her conmmon species, in decreasing
order of abundance, were the brightbelly sculpin, the longhead dab

(Li manda__proboscidea), the arnorhead sculpin (Gymnocanthus galeatus),

t he whitespotted greenling, and the plain sculpin (Myoxocephalus jaok).

Dermersal trawing for juvenile king crab in Bristol Bay and al ong
the NAS in the summer of 1983 yielded 23 incidentally caught marine
fishes between depths of 20 and 50 m (McMurray et al. 1984) (Table 2).
Common fishes, in decreasing order of abundance, included yellowfin
sole, rock sole, Pacific halibut (Hippoglossus stenoclepis), Al aska

plaice (pleuronectes guadrituberculatus), |onghead dab, Pacific cod

(_Gadus macrocephalus), and mi scel | aneous sculpins.
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In autum 1983 and spring -1984, Danes & Mdore (Grabacki 1984)
conpleted test fishing with pair trawms, longlines, and crab pots in
inner Bristol Bay and down the Al aska Peninsula as far as Port Heiden.
This study, to evaluate fishing opportunities outside of the sal non
season, produced catch and distribution data on 42 fish species, as well
as an assortment of invertebrates (Table 2). Lengt h-frequency infor-

mati on was collected for selected fish species of inportance.

In 1984 and 1985, NOAA-sponsored studies (LG 1985) were conpl eted
in waters inside the 50-m isobath from Cape Mrdvinof (Uninmak Island) to
Cape Seniavin (mdway between Port Moller and Port Heiden). The fish

portion of this study found that “several dom nant species characterize
the fish communities in three coastal habitats:

1. Nearshore zone (0-10 m water depth): sand |ance, herring, cape-

lin, salnon, yellowfin sole, rock sole, snelt, greenling and
ot hers;

2. Pelagic zone (out to 50 m water depth): sand |ance, pollock
young- of -year, salmon; and

3. Demersal zone (out to 50 mwater depth): yellowfin and rock
sol e, pollock, Pacific cod.”

Juvenile flatfish are the primary conponent of the inshore denersal
comuni ties. The dynam cs of flatfish assenbl ages have not been
studied in the Bristol Bay nursery areas. Exanpl es of such studies can
be found in the nursery grounds of Atlantic plaice and sole (Steele and
Edwards 1970; Rauck and 2ijlstra 1978), and English sol e (Laroche and
Holton 1979; Thornburgh 1979). Juvenile flatfish assembl ages have been
noted for a hierarchy in relative abundance; generally one or two spe-
cies will dom nate. The conposition of the assembl ages nmay vary with
abiotic factors and with the structure of the benthic community (i.e.,
eel grass beds or open coast sandy bottons). The relative densities of
the eight principal flatfish species expected in the project area nay
vary with these conditions, indicating the inportance of a particular
area as a nursery ground. The settlement and rearing areas of Pacific
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haiibut were of particular interest because of its commercial inportance
and because relatively little is known. Previous sanpling has indicated
that juvenile halibut are likely to be encountered inshore and there is
sone indication of spatial segregation correlated with tenperature (IPHC
unpubl i shed data). The juvenile cod, pollock, and other species were
expected to vary with distributions in a simlar manner fromarea to
ar ea. Wth the exception of linmited in-lagoon or bay studies (Tack
1970; Smith et al. 1978) and a recent manuscript (Hagen 1983), nearshore
(e.g., less than 20 neters water depth) and inshore (e.g., less than 10
nmeters depth) fish populations along the Al aska Peninsula have been

poorly studied up to this point.

2.2.2.2 Donminant Species

Based upon the studies summarized in the previous section, the
dom nant nonsalmonid fish species, in terms of abundance, in the near-
shore waters in Bristol Bay are yellowfin sole, Pacific herring, and
capelin. Informati on on these species and other |ess domi nant species

is summarized bel ow.

Yellowfin sole - Linmanda aspera

Yellowfin sole is the species which nost dominates denersal fishes,
and perhaps all narine fishes (by weight), within the nearshore zone of
the Bristol Bay system (Baxter 1976; Cable 1981; Walters and McPhail
1982; Walters 1983; Grabacki 1984; McMurray et al. 1984; LGL 1985).

Yellowfin sole juveniles were only occasionally taken in the chan-
nel s of Izembek Lagoon during the sumrer of 1968 (Tack 1970). St udi es
in 1984 and 1985 did not report this species as donmi nant here (LG
1985) . However, this species was the nobst conmon fish taken in the
trawmls in northern Bristol Bay in August 1974 and June 1975 (Baxter
1976) . It occurred in all 242 successful traw s. A total of 2,030
yellowfin sol e averaged 136.8-mm fork length (range = 50 to 337 nm). A
sanpl e of 284 fish included 168 males and 116 females. Males matured at
a smaller size (90 to 120 nmm) than females (170 to 200 mm). Sexual |y
ripe fish of both sexes were taken in traws in 20 m of water on June 7.
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Deeper and shallower trawls took mature fish, but the fish were not as
ripe at these depths as at 20 m

Denmersal trawling in Bristol Bay and along the NAS in the summer of
1983 reveal ed that the mpst abundant incidentally caught fish between
depths of 20 and 50 m was yellowfin sol e (McMurray et al. 1984). No
size, sex, or maturity infornmation has been reported.

Bottomtrawls in the outer bay inside of 50 min May and Septenber
(1984) and January (1985) yielded high biomass per unit effort for
yellowfin sole relative to rock sole, Pacific cod, and pollock (LG
1985). The spring 1984 sanpling by pames&More yiel ded an average
CPUE for this species of 150 (rock sole was 324) for a cod-flounder
tram and 628 (rock sole was 72) for a shrinp-snmelt traw for the Pilot
Point to Port Heiden area (G abacki 1984). This area’s CPUEs for
yellowfin sole were much higher than the adjacent region farther up the
bay (from Naknek to Egegik) but about the same as CPUES for the
Dillingham to Togi ak area (Grabacki 1984).

Simlar findings of yellowfin sole donmi nance have been made from
National Marine Fisheries Service traw surveys. Nunerical analyses of
fishes and invertebrates in the eastern Bering Sea from the summer of
1971 through 1981 have delineated grouping relationships between all
sanmpling locations, maps of these site groups, lists of the assenbl ages
of species occurring within these groups, and their relative abundances
(Walters and McPhail 1982; Walters 1983). Site groups were often iden-
tified in shall ow nearshore regions from Cape Sarichef to Cape Newenham
and, without exception, the fishes within these shallow site groups were
al ways dominated by yellowfin sol e. For exanple in 1981, a site group
conposed of seven stations in northern and southern Bristol Bay, at
depths between 13 and 37 m,was dom nated by yellowfin sole (Walters and
McPhail 1982). Q her fishes of |ess dom nance that were often associ -
ated with L. aspera in shallow waters were rock sole, Pacific cod,
sculpins, Al aska plaice, starry flounder, and Pacific halibut.

Perhaps in response to the easing of fishing pressure, yellowfin
sol e popul ati ons have, since the mid-1970s, steadily approached and
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per haps exceeded pristine stock |evels. Recent bionass estinmates for
this species are inthe 2 to 4 mllion netric ton (mt) range, naking it
the nost common flatfish found on the shelf of the eastern Bering Sea,
second only to walleye pollock in biomass (Bakkala 1981). In recent
years, the Port Moller area has yiel ded approximtely 35,000 nt of
yellowfin sole to the comercial fishery (Bakkala et al. 1982).

Yellowfin sole migrate seasonally from outer continental shelf and
sl ope waters (< 100 m) occupied in winter and early spring, to inner
shelf waters (15 to 75 n) where spawning and intense feeding occurs
during the sumer (Bakkala 1981). The timng of spring inshore mgra-
tions is not well defined, although they have been observed starting
fromlate April to nmid-May over the three-year period of 1959 to 1961
I ce-induced delays to spring migrations are probably infrequent and of

relatively short duration.

More than a nmillion eggs are produced by each spawning female.
Unlike the adults, the young remain in shallow nearshore nursery areas
t hroughout their first few years of life. They begin to disperse to
nore of fshore waters at 3 to 5 years of age (Fadeev 1970; wakabayashi
1974).

The food and feeding habits of this species for a broader area, the
eastern Bering Sea, have been summarized by Bakkala (1981) and are par-
tially described here. Yellowfin sol e are capable of feeding on a
variety of animals, fromstrictly benthic fornms such as clanms and
polychaete wornms to zoopl ankton (mysids and euphausiids) and pel agic
fishes (capelin and snelt). The ki nds of organi sms consumed vary by
season, area, and size of fish. Contents of nearly 2,400 stomachs taken
over a broad area of the eastern Bering Sea show that the primary food
items, representing 65 percent of stomach contents by weight, were
bi val ves, anphi pods, polychaete worms, and echiurid worns. Polychaetes
and anphi pods were the principal food items in smaller fish (10 to 20
cm; polychaetes, bival ves, echiurids and amphipods in larger fish (20
to 30 cnm; and bivalves and echiurids in fish longer than 30 cm

Al'though less is known about the food and feeding habits of the

yellowfin sole in shallow waters, they are thought to be similar to
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those in deeper waters. Recent findings on the food of yellowfin sole
in the southeastern Bering Sea along the Al aska Peninsula reveal ed that

newy recruited surf clams (Spisula polynyma, 1 to 2 mm were a favored
prey (in the range of 100 to 500/stomach) in waters |less than 30 m of f

Port Moller, while various groups of polychaete worns, benthic amphi-
pods, and the sand dollar (Echinarachnius parma) doninated in depths of

30 to 50 min Bristol Bay and greater than 30 m depths off Port Moller.
King crab (Paralithodes cantschatica) glaucothoe |arvae and Tanner crab

(Chi onoecetes bairdi) zoea were also taken as food in small quantities
(Haflinger and McRoy 1983).

Food of yellowfin sole collected in Bristol Bay and along the NAS
between 20 and 50 min the sumrer of 1983 was diverse (McMurray et al.
1984) . Prey items included sea cucunbers, miscellaneous clans,
euphausiids, the crab Oregonia gracilis, heart urchins, brittle stars,

ascidi ans, and Pacific sand |ance (Ammodytes hexapterus).

On the basis of percent by weight of foods eaten by yellowfin sole
in 1984 studies, LA (1985) found the followi ng patterns of prey dom -
nants : during May at 20 m bivalves (42 percent), euphausiids (27
percent), and decapods (16 percent) dominated; in Septenmber at 20 m,
bi val ves and anphi pods conprised 97 and 1 percent of the diet, respec-
tively,; in September at 3 to 10 m decapods and anphi pods nade up 55 and
45 percent of the diet, respectively.

The only known natural predators of yellowfin sole in shallow

coastal waters are sea otters (VIN Oregon 1984) and Pacific halibut
(Novikov 1964).

Longhead Dab - Linmanda proboscidea

The |onghead dab was the second npbst abundant flatfish in the
1974-75 traw surveys in northern Bristol Bay (Baxter 1976). The size
of this fish averaged 124.1 mm and ranged from 53 to 296 nm (N = 456).
Both sexes were encountered during June and August sanpli ngs. Aver age
fork lengths for males and fermales were 121.7 mm (N = 76) and 140.9 mm
(N = 25), respectively. Only a few transient juvenile |onghead dab were
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caught in Izembek Lagoon in 1968 (Tack 1970). Longhead dabs were taken
in the Danes & More studies from Bristol Bay down to the Port Heiden
and Cinder River vicinity, but were not reported in any significant num
bers (Grabacki 1984). This species is not mentioned in the LG (1985)
studies in the outer Bristol Bay area to water depths of 50 m. Nothing
is known about the extent to which this species uses these nearshore

wat ers.

Pacific Herring - Clupea harengus pallasi

Al t hough yellowfin sole dominate the denersal marine fishes in the
nearshore region in the vicinity of Bristol Bay, Pacific herring presum
ably dominate the pelagic marine fishes, at |east seasonally. The
abundance of herring in the eastern Bering Sea appears to have increased
since 1978 in all nmjor coastal areas. Total spawning biomass is esti-
mated to have ranged from 187,210 to 334,723 nt in 1978, and from
258,079 to 637,583 nt in 1979, an approximate 27 percent increase at the
| ower range (Wespestad and Barton 1981). St udi es have shown that
Bristol Bay contains the largest assenblage of spawning herring within
the entire State of Alaska: in 1983 about 127,000 mt of herring arrived
to spawn in the Togiak region of Bristol Bay; 24,486 nt or 19.3 percent
of the bionmass was harvested (Fried and Witnore 1983).

Herring usually spawn in areas where the shoreline norphol ogy
includes cliffs or bluffs with |large jagged outcropping. Spawni ng
substrates consist primarily of rocks covered with rockweed (Fucus sp.).
However, alnost any substrate (e.g., _Lanminaria spp., bare rocks, gill
nets) are used under conditions of dense spawning. Herring al so spawn
in shallow bays, beaches or slough areas where eel grass (Zostera spp.),
and roots of rye grass (Elymus spp.) and sedges (Carex spp.) are exposed
at low tide. In northern Bristol Bay npbst spawning is confined to the
intertidal zone down to depths of 5 meters. The main spawning area
bet ween Ugashi k Bay and Cape Newenham are in Metervik Bay and al ong the
coast west to the village of Togiak (Barton et al. 1977, Wspestad and
Barton 1981). The primary spawni ng areas between Ugashi k Bay and Cape
Sarichef are Herendeen Bay, inner Port Moller, Port Heiden, and, to a
| esser extent, the north coast of Unimak Island (Barton et al. 1977;
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Wespestad and Barton 1981). Adult herring were commonly found in
Izembek Lagoon during the summerof 1968 (Tack 1970).

Few herring were taken in studies that included the Port Moller/
Her endeen Bay area in 1984 and 1985 by LA (1985). This was likely due
to both the timng of cruises and gear used in sanpling. Only 2 of 8
shrimp-snmelt traws in the spring 1984 sanpling in the Pilot Point to
Port Hei den area captured herring (12 fish) (Grabacki 1984) probably
because of the locations, tines, and gear fished. This sane study did
capture 2,516 herring in one spring 1984 shrinp-snmelt trawl set in the
Di I l'i ngham to-Togi ak area. Lengt h-frequenci es of a subsample of these
herring are also reported (Grabacki 1984).

Most of the donestic herring harvest is taken with purse seines and
gill nets in northern Bristol Bay between Cape Constantine and Cape
Newenham The mpjority of herring fishing by local residents in this
area is for comercial purposes, although nost fishernen retain a

limted amount for subsistence needs (Danes & More 1978).

Herring eggs hatch in 10 to 21 days, depending on the tenperature.
Feedi ng begins after approximately two weeks when the yolk sac is
absor bed. Evidence indicates that juvenile herring utilize the near-
shore region of the Bristol Bay vicinity as nursery areas, but the dura-
tion of dependence on the nearshore waters is uncertain. Barton (1979)
captured age 1 herring in June in Hageneister Strait of northern Bristol
Bay. Farther north in Port Clarence and inner Kotzebue Sound, juveniles
(age not specified) have been found during the spring spawning period,
suggesting that overw ntering had occurred nearshore (Barton 1978). In
the western Bering Sea, age O and 1 fish inhabit areas of |ower tem
peratures nearer shore than adults (Prokhorov 1968). Ichthyoplankton
studies in the southeastern Bering Sea in the summer and fall of 1975
and the summer of 1976 found a few herring |larvae 200 km of fshore near
the 50-misobath (Waldron 1981). These young individuals may be caught
in offshore transport and presumably perish.

A summary of Pacific herring food and feeding habits fromthe
Bering Sea is reported by Wspestad and Barton (1981) and is partially
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presented here. The first food of herring larvae is usually limted to
smal|l and relatively i mobile planktonic organi sns. M croscopi ¢ eggs
sonetimes nmake up nore than half of the earliest food; other itens
i ncl ude diatonms and nauplii of snmall copepods. Herring do not have a
strong preference for specific prey, but feed on the conparatively |arge
organi sns that predom nate in the plankton of a given area. Feedi ng
general |y occurs before spawning and intensifies afterward. Duri ng
winter, feeding declines: it ceases in late wnter.

In the eastern Bering Sea in August nearly 84 percent of the
stomachs were filled with euphausiids, 8 percent with fish fry, 6 per-
cent with calanoid copepods, and 2 percent with gammarid anphi pods.
Fish fry, in order of inportance, were walleye pollock, snelt, capelin,
and Pacific sand |ance. In spring, food was mainly pel agi c amphipods
(Theni sto spp.) and chaet ognat hs (Sagitta spp.). After spawning, the
main diet was euphausiids, Calanus spp., and Sagitta spp. Nearly 75
percent of herring stomachs examned in the spring from Bristol Bay to
Norton Sound either were enpty or contained only traces of food. Only
25 percent of the stomachs exam ned were at |east 25 percent or nore
full, and only 3.4 percent were conpletely full. Mjor food items were

cladocerans, fl atworns, copepods, and cirripeds.

Herring are inportant prey for marine mammals (i.e., harbor seals,
sea lions, and beluga whales), sea birds (i.e., black-1egged kittiwakes
and gl aucous gulls), ‘and fishes (chinook and coho sal mon) (Hart 1973;
Wespestad and Barton 1981; Warner and Shafford 1977). Concentrations of
flatfishes, particularly yellowfin sole, have been observed on the
herring spawning ground in northern Bristol Bay (John O ark, ADF&G, per-
sonal communication, as cited in Wspestad and Barton 1981). St omachs
of flatfishes examined in this spawning area have revealed a high rate
of herring egg consunption (Wespestad and Barton 1981).

Capelin - Mallotus villosus

In 1976, capelin was the nost geographically w despread forage fish
speci es encountered in the eastern Bering Sea and constituted the
second-nost abundant species, next to Pacific herring, captured at



onshore stations between Ugashik Bay and Unimak Island (Barton et al.
1977). capelin typically spawn from May through July along clean, fine
gravel beaches; however, spawning has been documented at depths of 60 m
(Barton et al. 1977; Misienko 1970; \Warner and Shafford 1977). Barton
et al. (1977) and Baxter (1976) reported that the only spawning areas
that capelin have been observed to utilize between Ugashik Bay and Cape
Newenham occur in Togiak Bay, north of Hageneister Strait, and around
Hagenei ster |sland. During spawning in June 1975, capelin were util -
izing all the fine gravel beaches between Nushagak Peninsul a and Cape
Newenham (Baxter 1976). Spawning and school s of unspawned capelin were
observed from May 30 to June 15, 1975. Spawni ng appeared to progress
with time fromthe south to the north. Mich of the region between
Ugashi k Bay and Cape Seniavin on Uninmek Island is presumably suitable
for spawning since capelin have been observed washed up on the beaches
from Cape Krenitzen north to Snoky Point at Ugashik Bay (Barton et al.
1977).

Few capelin were taken in 1984 sanpling between Unimak Island and
Cape Seniavin inside of 50 mby LG (1985). This was likely due to the
| ocations, times, and gears fished. The spring 1984 Pilot Point-to-Port
Hei den capelin catches by cod-flounder trawl and a shrinp-snelt traw
had cpuEs of 1 and 235 fish per hour of sanpling, respectively (Grabacki
1984) . In contrast, fewer capelin were taken in the sanme gear types
during the same period in the Dillingham Togi ak area and no capelin were
taken in the Naknek-Egegik area.

Subsi stence utilization of capelin is mnor, with sone taken by dip
net along the north side of Togiak Bay from near Togiak village to
Tongue Point (Baxter 1976).

Little is known about the food and feeding habits of capelin in the
shal | ow regions of Bristel Bay. Smith et al. (1978) exam ned the stom
ach contents of 135 feeding individuals fromthe southeastern Bering
Sea. Al specinmens were captured fromlate spring to early fall, there-
fore, no information is available on seasonality of feeding in the
Bering Sea. Only two phyla were represented anmong the food organi sns,
Arthropoda (all crustaceans) and Chaetognat ha. The npst numerous prey
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organi sms Were calanoid copepods, specifically the genus Calanus.
Virtually all of the amphipods present were menbers of the pelagic
fam |y Hyperiidae. I dentifiable euphausiid specinens were all of the
genus Thysanoessa. The smallest food item copepods, had its greatest
volumetric and relative inportance in the smallest fish. The sane is

true of the next smallest food items, the mysids.

Capelin are food for a variety of predators, including seabirds of
the fam |y Alcidae and fishes (e.g., chinook and coho sal non, arrowtooth
fl ounder, walleye pollock, and Geenland halibut) (Hart 1973; Macy et
al. 1978; vesin et al. 1981).

Sculpins - Cottidae

Sculpins are the nost diverse group of fishes (approximtely 21
species - Table 2) within the study area, specifically anong the gravel-
rock substrates of northern Bristol Bay. Approximtely 10 species have

been taken from Izembek Lagoon.

The brightbelly sculpin was the npbst common sculpin in the 1974 and
1975 surveys (Baxter 1976). A sanple of 490 fish had an average | ength
and range of 81.2 nmand 43 to 141 mm respectively. This species is
considered to reside in Izembek Lagoon for most of the year (Smith and

Paul son 1977).

In 1984 and 1985 studies in the nearshore habitats (0-10 ) from
Uni nek Island to Cape Seniavin, Pacific staghorn sculpin made up 33 per-
cent by number (17 percent by weight) of 22 gillnet sets and 14 percent

by nunber (54 percent by weight) of 38 beach seine sets (LG. 1985). In
Izembek Lagoon (O-5 n), this sculpin made up 62 percent by number of all
fish caught in 5 gillnet sets in this sane study. Autumm 1983 and

spring 1984 studies by Dames & Moore in inner Bristol Bay (down as far
as Cinder River) took nine species of sculpins but not the Pacific
staghorn sculpin (Grabacki 1984). Sculpin CPUEs were not described for
spring 1984 sanpling down the Al aska Peninsula in this study. However ,
sculpins ranked fourth in pounds of fish caught per hour in cod-flounder
trawls and fifth in shrinp-snelt trawm s in Autumm 1983 studies in the
Dillingham-Togiak area (Grabacki 1984).

54



-4

The arnorhead sculpin that weesanpled in northern Bristol Bay
averaged 127.1 nm (range =47t 0219nmm N= 333) in fork length (Baxter
1976) . This species is known to reach approximately 360 mmin |ength
(Eschneyer et al. 1983). Al though it was commonly found among shal | ow
rocky substrate, its habitat is reported to be on soft bottons near
shore to 167 m and nobst commonly bel ow 50 m (Eschmeyer et al. 1983).

QO her parameters of this species are not known.

The pl ain sculpin was the nost abundant of the seven species of the

genus Myoxocephalus taken by Baxter (1976). It occurred throughout the
study area. Its average size was 146.1 mm (range = 45 to 548 mm N =
276) . Food items consumed by this sculpin in the study were doninated

by fish, specifically flatfishes, and a sculpin (Gymnocanthus) (McMurray

et al. 1984). Qher food included jellyfish, crangonid shrinp, and the

crab Telmessus cheiragonus. Little is known about the extent of depen-

dence of this species upon the nearshore regions of Bristol Bay.
Cods - (Gadi dae

The catches of Pacific cod, Arctic cod (Borecgadus saida), saffron

cod (Eleginus gracilis), and walleye pollock (Theragra chalcogramma)

within the nearshore region of Bristol Bay have been linmted to afew
smal|l individuals. A fishery for Pacific cod was reported to have once
existed around the Walrus Islands in the spring soon after the ice noved
out of Togiak Bay (Baxter 1976).

In 1984 studies of denersal habitats (10-50 m) from Uni mak Island
to Cape Seniavin, Pacific cod made up 13 percent by nunber (32 percent
by weight) of the catch in 16 gillnet sets and 8 percent by nunber of 98
try net sets (LG 1985). In nearshore habitats (0-10 m) in this sane
study, Pacific cod made up 14 percent by number (3 percent by weight) of
38 beach seine sets. Spring 1984 trawing by Dames & Moore in the Pilot
Point to Port Heiden area had cpueEs of 14 cod per hour and 64 cod per
hour in shrinmp-snelt and cod-flounder traws, respectively (Grabacki
1984) .

Until docurmented by Baxter (1976), Arctic cod had not been reported

to extend farther south in the Bering Sea than Norton Sound, preferring
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| ow tenmperatures (< 7°C) (Morrow 1980). Spawni ng of the Arctic cod
takes place during the winter (mainly January-February) when dense
schools of fish nmove inshore (Mrrow 1980). It is a denersal species

feeding on a variety of benthic prey.

Whi t espotted Greenling - Hexagrammps stelleri

The whitespotted greenling, along with the nasked greenling, i s an
abundant species within Izembek Lagoon (McRoy and Peden 1964; Tack
1970). Apparently, it is a nearly year-round resident of Izembek Lagoon
(Smith and Paul son 1977). The size of the whitespotted greenling that
were captured during 1974-75 averaged 156 mm and ranged between 68 to
308 mmin fork length (N = 319) (Baxter 1976). This species is reported
to attain lengths to 480 mmand to occur in waters shallower than 46 m
in rocky regions near eel grass beds (Eschmeyer et al. 1983). In August,
femal es appeared to be near spawning since many contained well devel oped,
purpl e-tan eggs (Baxter 1976). (To the south, in British Colunbia
waters, spawning occurs in April [Hart 1973]). The food consists of

Wor s, crustaceans (copepods, amphipods, decapod larvae, ostracods, and
barnacle larvae), fish eggs, and tunicates (Oikopleura) (Hart 1973).

Thi s greenling, along with the masked greenling, was reported with
two other species (tubenose poacher and surf snmelt) as domi nant resi-
dents of O3 mhabitats in |zenmbek Lagoon (LG 1985). The whitespotted
greenling was taken in the autum 1983 and spring 1984 studies in inner
Bristol Bay, but no CPUE data were reported due to the |ow commerci al

fisheries potential of this species (Grabacki 1984).

Rai nbow Snelt - Osnerus nordax

Baxter (1976) found only a few anadronmous rainbow snelt in northern
Bristol Bay; the largest catches, consisting of spawned-out fish, were
made in Nushagak Bay in June. However, good runs have been reported in
Nushagak and Togiak Rivers in the spring after the ice goes out (Baxter
1976) . These snelt, presumably juveniles, have also been observed in
Izembek Lagoon (McRoy and Peden 1964; Tack 1970). Little else is known
about the life-history aspects or the residence tinme of the fish while

within the nearshore zone of Bristol Bay.
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In the Unimak |sland-to-cape Seniavin denersal zone (10-50 m ) and
nearshore zone (0-10 m), rainbow snelt and sand |ance were considered
abundant in bottomtrawls, especially in the shallower parts of the
study area (LG 1985). This smelt made up 10 percent by number of try
net trawl catches (98 sets) in the denersal zone (LGL 1985). In
nearshore habitats, rainbow smelt nmade up 42 percent by nunber (3 per-
cent by weight) in 22 gill net sets, and 26 percent by nunber (11 per-
cent by weight) in 38 beach seine sets (LG 1985). Rainbow snelt ranked
third behind yellowfin sole and capelin in shrinp-snmelt trawl catches in
the Pilot Point-to-Port Heiden area in spring 1984 sanpling by Dames &
Moore (Grabacki 1984).

There is a subsistence fishery for rainbow snelt consisting of a
winter fishery at the mouth of the Togiak River. Local residents jig
with hooks through the ice or along open | eads (Baxter 1976). There
also are fall and spring dip net or small seine fisheries in Nushagak
and Togi ak Bays.
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3.0 METHODS AND MATERI ALS

3.1 STUDY AREA AND SAMPLI NG DESI GN

A hypothetical oil spill scenario given as the context for discus-
sion at the NAS Synthesis Meeting (Thorsteinson 1984) described the
di spersion of oil eastward from a m dsummer accident off Cape Seniavin
or Amek Island. The plune resulting froma spill of 10,000 bbls over 5
days woul d probably extend 20 kmin the direction of prevailing w nds and
currents and cover about 80 kn2. Water columm concentrations of petro-
| eum hydrocarbons would be diluted rapidly to below lethal levels at the
perinmeter of the plume. It is likely that the area imediately eastward
of these hypothetical spill sites, in particular the nearshore, inter-
tidal, and estuarine zones, would be nopst severely inpacted

Wiile the longer term oil devel opnment risk is expected to be near

shore (inside 10 to 25 m and in bays, the majority of available juve-
nile salnon data (Straty 1974, Hartt and Dell 1978) were from farther

of fshore (e.g., greater than 15 nautical mles, rin. Thus, our study
area initially extended from Fal se Pass to Ugashik Bay in waters to
about 30 m deep (Figure 2). It originally enconpassed two estuaries

(Port Heiden and Port Moller) and a coastal |agoon (Izembek Lagoon), as
wel | as exposed coastal and inshore habitats. A third estuary (Ugashik
Bay) was sanmpled during the second 1984 cruise and added as a permanent
transect in 1985. The estuarine systems are representative of those in
inner Bristol Bay. Izembek Lagoon deserves special attention due to its

highly productive character.

Qur focus on the Al aska Peninsula coast, between Fal se Pass and
Ugashi k Bay and inshore of the 30- to 50-m depth contour (excluding the
north shore of Bristol Bay), stemmed from the study results of Straty
(1974) and Hartt and Dell (1978). Their data (Figures 3 through 7)
suggest that the north shore rivers produce salmonid juveniles which
mgrate nearshore to the Naknek-Kvichak area before turning southwest
and noving seaward along the north shore of the Al aska Peninsula. Since
neither Straty (1974) nor Hartt and Dell (1978) found significant nunbers
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of juvenile salmonids on the north shore of Bristol Bay, we concluded
that the logistics and travel tine required to survey both areas woul d
consurme time and resources out of proportion to the amunt of new infor-
mati on gai ned, and woul d preclude a conprehensive assessnent of fish
assenbl ages nost vulnerable to was devel opment within the time and cost
constraints specified.

In 1984, our study area was divided into three subareas (Figure 2)
by Loran C coordinates. The Izembek Lagoon subarea extended from Fal se
Pass to north of Cape Leisko; the Port Moller subarea continued from
there to the vicinity of the Seal Islands; and the Port Heiden subarea
extended to Ugashik Bay. These divisions were drawn to include
estuarine or |agoon systenms in each subarea. Six transects within the
area were aligned, to the extent possible, to be inshore extensions of
transects occupied for CID studies by Schumacher and Men (1983), and
for sediment characterization and traming by VIN Oregon Inc. (1984). A
seventh transect was added at Ugashik (Transect O in the second 1984
cruise. On each transect, offshore sanpling with one or nore gear types
was planned at the beach and at 5-m 10-m 20-m and (purse seine only)
30-m stations. In practice, the 10-m station was noved to n-mto keep
the purse seine clear of the bottom Sampl e stations in each enmbayment
were selected based on local bathynmetry and exposure (Appendix A,
Figures A-1 through A-4). Habitats sanpled included sheltered and
exposed intertidal, estuarine and offshore pelagic, and the inshore and
of f shore denersal.

In 1985, the study focus was shifted to achieve nore spatial cover-
age sanpling with gear types targeting juvenile salmonids; the study
subareas remai ned the sane but the nunber of transects was nodified
(Figure 2). The open coast transects (1, 3, and 5) were dropped and the
transect at Ugashik (number 0) in 1984 was included so that sanpling
occurred on transects O 2, 4, and 6 only. In contrast to the depth-
stratified outside stations in 1984, the 1985 sanpling was distance-
stratified fromshore for the two offshore stations, and Station O was
added at the nost distant offshore |ocation of each transect. Thus, the
three nost offshore stations (Stations O 1, and 2) were 15, 10, and 5 nm
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of fshore on each of the four transect lines. Stations 3 and 4, | ocated
between Station 2 and the beach, were left in their depth-stratified
[ ocation as in 1984, No Station 3 was located on Transect O (Ugashik)
since the water at Station 2 (5 nm from shore) was already at the n-m
dept h. Station 4 on Transect O was used to designate an open-coast
beach seine |ocation.

3.2 SCHEDULE

In 1984, the three study subareas along the A aska Peninsula were
each alloted a 7-day sanpling period for each of three 21-day cruises.
However, actual sanpling efforts acconplished were very nmuch a function
of weather conditions, which were severe during the sumrer-fall of 1984,
Because of tinme required for contracting, gear procurenent, and nobili-
zation, field sanmpling did not begin until June 26, 1984. Subsequent
21-day cruises began on July 25 and August 26.

The 1985 schedul e was designed to cover the study area as many
tinmes as weather and |ogistics would allow Therefore, we started at
Port Moller and proceeded up and down the coast without repeating the
end transects. Thus, the transect sanpling sequence was: 4, 2, 0,2, 4,
6, 4, 2, 0, and so forth. This pattern was continued for 6 weeks from
June 16 to July 28.

3.3 FI ELD METHODS

3.3.1 salmonids and Pel agic Species - 1984

CGear types (Table 3) and nethods were chosen to include proven nets
for capturing smaller juvenile salmonids (i ncluding pinks and chums) and
other species in nearshore habitats. Sone gear types (large seines pri-
marily) used in the past may have caught few chuns and pi nks because
| arger nesh sizes allowed them to escape, although Straty and Jaeneke

(1981) reported catching some pinks in the 65-nm size range

The *'offshore” conponent of this study enployed a 55-foot fishing
vessel with a biologist/skipper (Robert D. Paulus) fishing a 229- by
n-m (750- by 35-foot) purse seine. The net was patterned after that
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TABLE 3

CEAR TYPES, HABI TATS SAMPLED AND TARGETED FI SH
I N EACH HABI TAT SURVEYED

Gear Type Code Habi tat Type Expected Fish Taxa
Beach seine (37-m to BS Intertidal Juvenil e salmonids,
6-mm stretch nesh) 1984 and 1985 denersal species
Tow net (6.1 x 3.1 m TN I nshor e/ pel agi ¢ Juvenil e salmonids,

mouth; to 6-nm stretch 1984 only forage fish,

mesh )

Beam trawl (3-m beam BT I nshore benthic Flatfish, other de-
6-nmm stretch nmesh cod 1984 only mersal fish
Try net (7.5-m nouth; or Denersal (in- Flatfish, ot her de-
6-nm stretch mesh cod shore/ of f shore) mersal fish

end ) 1984 only

Purse seine (229 x n-m Ps O fshore pelagic Juvenil e salmonids,
19-mm stretch body; 1984 and 1985 forage fish

13-mm stretch bunt)
Smal | seine (67 x 4.6-m ss I nshor e/ pel agi ¢ Juvenil e salmonids,

19-nmm stretch body;
13-mm stretch bunt;
30.5-m attached |ead
panel of 19-mm stretch
web)

1985 only

forage fish

used and described by Johnsen and Sins (1973),

size of

(1/4-inch) (bar) knotless nylon

10-mm (3/8-inch)

(bar) knotted nylon

all dyed green.

and a bunt of

and had a main body nesh

6- nm

The net was set into

the current in standard purse seine fashion and slowy towed (2 to 3

knots) for 10 ninutes.

Captured fish were brought

aboard with a dip net

and those surplus to sanpling needs released with little damage. A

m ni rum of two sets was planned at deeper

transect in each sanpling period

The nore “inshore”

boats (30- and 16-foot) paired and pulling a surface tow net.

sanpling effort

(>10-m) stations on each

in 1984 involved two snall er

Tow net

sampling was to be conducted only in 1984 concurrent with “beach seine

sanpl i ng when possible.

NOaa : 1

The two-boat tow net was planned to sanple
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neritic fish occurring in the upper 2.5 mof the water colum at the 5-m
and 10-m stations. Again, stations were nmoved to 6 mand 11 mto avoid
bottom contact with the gear and to provide consistency with the purse
seine stations. The tow net was 14.9 mlong, 6.1 m wide, and 3.1 m deep
at the mouth (49 x 20 x 10 feet), and made of green nylon. “The stretch
mesh sizes graded from 76-nm (3-inch) at the brail to 6-mm (1/4-inch) at

the bag. The cod end had a zipper for opening and closing, and the foot
rope and head rope had | eads and floats, respectively, to ensure proper
openi ng of the net. The net was attached to two vertical steel poles
with a large float attached to each pole near the head rope connection
to keep the net fishing upright at the surface. The net was towed at
about 3.7 km/hr. Two 10-minute tows were planned at each station. One
tow was planned with the prevailing tidal current along the shoreline,
with the other tow planned in the opposite direction. In actual prac-

tice, with Iow success and limted time for tow nets in nost areas,

single tows were often made and vessel handling required nost replicate
sets to be towed in the same direction. Weat her and wi nd often
precluded any tow net activity.

When and where surf conditions permtted, beach seining was con-
ducted using a37-m (120-ft) fl oati ng beach seine, consisting of two
wings with 3-cm (l-inch) stretch nesh joined to a 0.6-mx 2.4-mx 2.3-m
(2- x 7.9- x 7.5-foot) bag with 6-mm (1/4-inch) stretch mesh. Replicate
sets to sanple fishes in the surface waters within 30 m of shore were
made at each station and care was taken that the area swept by one set
not be included in the replicate. The beach seine effort was expected
to provide for two sets at each transect with replicated sets at, at
| east, two additional stations in each embaynment. In reality, surf con-
ditions permtted very little beach seining on exposed beaches

The follow ng was recorded for all sanpling stations: | ocation,
date, tinme, weather conditions (wnd force and direction, cloud cover,
and general weather) , sea surface tenperature, salinity, sea state and
secchi, depth, area sanpled (beach seine), distance fished, sanpling
duration, conpass heading, and current direction.

Al information was recorded on conputer data forns follow ng
Nati onal Cceanographic Data Center (NODC) codes and format. Unl ess
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otherwise noted, all nanmes of fishes, both scientific and common, were
based on the Anerican Fisheries Society (AFS 1980) |ist.

Catches were processed inmediately or bagged, |abeled, and pre-
served for later processing. Any fish to be retained for other con-
current studies (e.g., salnonid identification, food habits, stonach
anal ysis) were separated from the catch and preserved in 10-percent for-
malin inrediately after processing. General ly, catches were processed
in their entirety. However, where catches were too large for conplete
handl i ng, the |ess abundant species were sorted fromthe catch, counted
and saved if salmonids. The abundant species were thoroughly m xed and
a known volunme greater than or equal to 10 percent of the sanple was
renmoved and saved. The volune of the remaining sanple was neasured or
wei ghed before the fish we're discarded.

I nci dental catches of fish larvae occurred even though our sanpling
gear was designed to sanple larger fishes. Catches of larval forns were
separated from the catch, preserved in 10-percent formalin immediately
and retained for further analysis if desired

Fish sanples were sorted to species and individuals counted,
nmeasured (fork length for salmonids, total length for others), and
wei ghed (to the nearest 1 g wet weight). Problematic individuals, if
any, were assigned a taxonom c designator and preserved for later taxo-
nom ¢ confirmation. If the nunber of individuals of a species in a
sanpl e exceeded 100, 50 or nore individuals were counted, weighed, and
measured; the remaining fish were counted and an aggregate wei ght taken,
or the nunber was determned volunetrically. Al'l information was
recorded on computer data forns.

3.3.2 Ssalmonids and Pelagic Species - 1985

CGear types used in 1985 (Table 3) were selected based upon the 1984
experience to optimze capture of juvenile salmonids. Wth the |ow suc-
cess of the tow net, it was replaced with the snall purse seine in the
“inshore” effort. For the nost part, this small seine was fished in
1985 at stations where the tow net was used in 1984. The try net and
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beam trawl s used in 1984 were dropped in 1985, reflecting the enphasis
on pelagic species over denersal species. ‘The large purse seine and the
beach seine usedin1984 werefished in the sanme way in 1985, with one
i mportant exception. A 16-foot fiberglass seine skiff, using the sane
outboard engine used in 1984, was substituted for the 16-foot Boston
VWhal er used in 1984 as a skiff in the large purse seine operation. This
“real” seine skiff allowed the offshore effort in 1985 to be nuch |ess
i nfluenced by both wind and tidal current direction than 1984. Wi | e
severe wind and sea state conditions stopped sanpling in both years, the
direction of 1985 large purse seine sets (up~ or down-bay) was not dic-
tated by wind and tidal current direction as in 1984. The first prior-
ity in large purse seine sets was to nmake all sets facing up-bay on an
ebb tide. If tinme and weather permitted, a delayed “replicate” was
often taken at each station with the set facing down-bay on the follow
ing flood tide. Sone real replicates with both sets in the same direc-
tion and in close proximty in tinme were al so nmade. However, the
“replicates” on nost days had 4 to 6 hours between them were set in

opposing directions, or were on opposing tides

The “inshore” effort enployed the small seine at Stations 3, 4, and
i nsi de each of three bays (Ugashik, Port Moller, and Izembek Lagoon);
Port Heiden did not have stations inside of Station 3 suited for this
gear type. The small seine was used fromthe 30-foot boat using an out-
board-powered 14-foot inflatable boat as the seine skiff. The smal
seine, with |lead panel attached, totaled 97.5 mby 4.6 m (320 feet by
15 feet) in length with 30.5 m (100 foot) being the non-purseable |ead
panel . The | ead panel and nain panel web of this seine was of 10-mm
(3/8-inch) (bar neasure) knotless nylon with a bunt of 6-nmm (1/4-inch)
(bar) knotless nylon, all dyed green. The | ead panel was al ways
attached between the boat and the seine so that it left the boat |ast
and was retrieved first in sets that were nade. In the actual seining
effort, the skiff pulled the seine off the stern of the 30-foot boat
formng a U-shaped arc in the set facing into the tidal current direc-
tion. The set was held open for 10 minutes if no difficulties were
encountered. The skiff and larger boat then met with the net closed in
acircle. The lead panel of the seine was then pulled in over the stern
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of the larger boat. Wth both ends of the purseabl e seine aboard, the
net was pursed and fish were removed by dip nets and placed in buckets
containing sea water. After all fish were removed fromthe small seine

it was restacked on the larger boat’'s stern in preparation for the next
set. The small seine fished an area about 40 percent of that fished by

the | arge seine.

Al fish processing and information handling in 1985 was conpl eted
as in 1984 with two differences. The first difference was that al
fish, both sal nbnids and non-salmonids, were processed for |live weight
and | ength. In |ater exam nations of sone juvenile salmonids, FR
bi ol ogi sts took preserved weights and |engths, aswell as scales for the
scale pattern analyses conpleted in 1985. 1In 1984, salmonids were
wei ghed and neasured after a minimal preservation period and no live
lengths or weights were taken. The other difference was that a portable
conputer and printer were operated on the 55-foot vessel in 1985 to
allow all data entry and checking to be done in the field during the
evenings, travel tines, and on weather days. This proved to be very
successful and saved several nman-nonths of time that took place in 1984

in Seattle with a simlar data set.

3.3.3 Denersal Species - 1984

The same sanpl e design described above in Section 3.3.1 and shown
on Figure 2 was used for sanpling denersal species as well. Sever al
different gear types (Table 3) were enployed to target denersal fish.
However, all other denersal marine fish taken as a part of the pelagic
{salmonid) program in both years were recorded for use in this charac-
terization.

The generally uniform sandy bottominshore area of Bristol Bay
lends itself well to an “area swept” nethod of conparing relative den-
sities from different habitats. Care was given concerning sone of the
assunptions involved with this nethod. The prinmary gear types for
denersal fish were try net (otter trawl) and/or beamtraw, and the
beach seine
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The otter trawl (try net) used had the follow ng characteristics:
7.5-m (25-£ft) openi ng, 10.8-m (35-ft) total length, 3.8-cm (1-1/2-in)
mesh in the body of the net, and é-mm (1/4-in) nesh liner in the cod end
(all stretch measure). This gear was conparable to that used in the
1983 red king crab surveys off the R.V. Miller Freeman (McMurray et al.

1984) . The second gear was a plunmb staff beamtraw with a 3-m (10-ft
beam), 2.5-cm stretch webbing in the body with a 6-mm stretch nesh liner
in the cod end. This net was thought to provide a better quantitative
sampl e because the mouth is kept at a constant width by the beam  How
ever, the beamtraw proved difficult to sanple for standard tines
(10 mn.) since it would foul and stop when filled with nud/sand.
Because of its greater ease of use, the otter traw was the primry gear

used at all stations.

As with the salmonid sanpling program at |least two replicates were
pl anned with the otter traw at each transect station (6-, 11-, and
20-m and at additional stations within the embaynents.

Sanpl e handling, fish processing, and data recording for denersal
fish were as described for the pelagic sampling in Section 3.3.1, with
bottom sea tenperature substituted for surface val ues.

3.3.4 Denersal Species - 1985

Wth tow net and try net dropped in 1985, only the beach seine was
targeted on shallow water fish including denersal fish species. The
large and small purse seine activities took incidental catches of nor-
mal |y demeral species or pelagic life stages of denersal species. The
beach seine was operated in 1985 as in 1984. As with salmonids and
pel agic species in 1985, replication of sanpling was de-enphasized in
favor of covering all planned stations. However, if time and conditions

permtted, a beach seine replicate was often taken.

Wth the exception of the field conmputer described in Section
3.3.2, all fish processing and information handling from beach seine
sampling was conpleted in 1985 asin 1984.
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3.4 DATA LI M TATIONS

3.4.1 1984

Field plans could not be followed in all cases in 1984 because
weat her (high winds) produced sea state conditions (high waves) which
precluded safe sanpling, especially at the outside stations (l-5). The
desired coverage and station replication were not achieved in all
crui ses. Only during Cruise 3 were all six transects sanpl ed. When
possi bl e, inside water (bay) studies replaced some of those planned for
Stations 1-5. On occasion (e.g., Port Moller, Cruises 1 and 3), weather
was so bad that even inside work was linted.

Field sanple processing procedures also had several limitations.
Wei ghts were taken for nonsalmonids as |ive weights aboard the vessels.
In all cases, spring scales were used; scales may have changed calibra-
tion during their field use. Wights nmeasured in such a way on a moving
vessel can not be assumed to be as accurate as |aboratory measurenents
with nore precise scales.

Juvenil e salmonids (total catch or subsamples of catches over 100
i ndi viduals) were preserved in buffered 10-percent fornalin and held at
| east 3 days before they were neasured for |length and weight. Thi s
follows a standard FRI practice. Total catch weights and individual
fish lengths, therefore, have live values for nonsalmonids and preserved
val ues for salmonids.

Some data recording errors likely occurred in the rush to process
fish between sets or in late evenings after sets were made. Conput er
data files were twice proofed against field records before acceptance.

Di stance of tows or sets, as required by NOAA could only be esti-
mated given the scale of charts existent for nost transects and given
the low level of Loran Creliability. W made our best estimates with
the information available. Tide height could not be predicted as tidal
prediction tables did not correspond to real tidal conditions. The

stage was estimated in all cases fromthe tidal prediction tables,which
al so have inherent errors.

67



Locations indicated by Loran ¢ based on available charts were often
substantially at variance with reality. The Loran C nunbers were
encoded as a station note in the NOAA-formatted information so that a
future investigator could return to the sites sanpled. Wth Loran C
limtations, few radar fixes, and the outdated bathymetric charts, we
made the best estinmates possible of stations sanpled in 1984.

Al juvenile salnmon or subsamples of any single species catch over

100 fish were preserved for final verification of species

Finally, outside (Stations 1-5) versus inside (Stations 6-11) sta-
tion conparisons nust be tenmpered by the fact that, while nmeeting depth
criteria, Stations 3 and 4 on Transect 4 (Port Moller) were at | east
partially inside the bay, depending on how the bay is defined.
Simlarly, outside beach seine stations (Station 5) on Transects 2 (Port
Hei den), 4 and 6 (Izembek Lagoon) are not true open-coast stations.
They sit inside or in the nouth of each bay, but they do face the open
ocean (Appendix A . These are quite different from Station 5 occupied
on Transects 1, 3, and 5, which are truly on open coast with no protec-

tion.
3.4.2 1985

Weat her still dictated much of our 1985 activity, but not to the
extreme experienced in 1984. Qur coverage of transects and stations on
transects was about what we anticipated could be acconplished in the

6- week peri od.

Data entry errors in 1985 were likely reduced by the much shorter
ti ne between sanple collection and data entry into conputer files. The
change in sanple station criteria between 1984 and 1985 conplicates
somewhat interpretation and conparison of data sets: Transects 2, 4,
and 6 in 1984 are on the sane Loran C line as in 1985, but Stations 2
and 3 are at different depths and |ocations from shore in these two
years. I n 1984, these two stations were depth-stratified, while in 1985
they were distance-stratified. Transect O was not sanpl ed outside
Ugashik Bay in 1984 due to weat her problens.
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3.5 ANALYSI S

In the |aboratory problematic species, including all juvenile
sal non, were identified or confirmed and field data sheets revised accor-
dingly. Key-to-disk entry was used to enter and verify data on 5-inch
di skettes using an |IBM PC mi croconputer. In 1984, this occurred post-
field season, while in 1985 this data input was conpleted aboard the
55-f oot vessel

Al data collected were coded, reformatted (EDS File Type 123),
pl aced on 7-track nmagnetic tape, and sent to EDS/NODC with full documen-
tation as part of the OCSEAP data base.

Catch in units of nunbers caught for juvenile salmonids, and wei ght
and nunbers for nonsalmonids, was the standard nethod of determning the
relative abundance of species captured by various types of sanpling gear.
A single set, standardized to a 10-minute opening tinme, was the unit of
effort for both large and small purse seining. Based on area fished, a
catch of 1 fish per set in the small seine would be the equivalent of a
catch of approximately 2.5 fish per set in the |large seine, assuming both
nets fished the sane popul ation density. A 10-minute tow was the unit of
effort for tow net and otter traw. A single set with constant area/
volume fished was the unit of effort for beach seine data. Catch data
were reported in terns of CPUE by season, location, and gear type.
Lengt h-frequency graphs were plotted for inportant species by season to
aid interpretation of fish novenents and growth in the study area

To facilitate a tenporal evaluation of fish caught in offshore
operations primarily with the large purse seine, Cruise 4 in 1985 was
sonewhat artificially divided into two 3-week periods |abeled 4a and 4b
These two cruise segments in 1985 equal the approximate 3-week |engths of
Cruises 1, 2, and 3 in 1984.

3.6 SOCKEYE SALMON SCALE PATTERN ANALYSI S

The abundance of juvenile salnon at a given space and time in their
mgration path is dependent on the relative abundances, initial dates of
mgration, distances traveled, and rates of travel of stocks contribut-
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ing to the migration. Since there appears to be a defined space and tine
progression of Bristol Bay sockeye stocks through the NAS study area
(Straty 1974; this report), periodic, short-term oil mishaps or chronic,
but localized, developnent-related perturbations could differentially
affect some stocks nore than others. Bax (1985) concluded on the basis
of conputer simulations that the severity of oil spill inpacts would
vary according to spill timng and trajectory relative to the timng and
abundance of salnmon in the migration corridor.

W attenpted to determine the stock-specific mgratory timng of
juvenile sockeye in the NAS study area by discriminant function anal ysis
of scale growth patterns. The scal es of salmonids have |ong been used
to age individual fish, but recently scale growmh patterns have been
used to identify origins of salnon taken in conmercial and research
catches in non-termnal fishing areas. Experinental applications of
scal e pattern analysis for distinguishing stocks of Bristol Bay sockeye
in mxed-stock catches of adults on the open ocean (Cook 1979) and
within Bristol Bay (Krasnowski and Bethe 1978) have shown that scale
growth patterns nay be sufficiently distinct between stocks to allow a

hi gh degree of accuracy in stock classification.

Di scrimnant function analysis requires a set of training sanples
fromall groups expected to be present in the sanples to be anal yzed.
Accordingly, we obtained training sanples of up to 200 smelt scales from
anong those collected by ADF&G at the outlets of each major Bristol Bay
river system during the 1985 outmigration. Sanples of scales from juve-
nile sockeye of unknown origin also were taken from fish captured at the
Ugashi k and Port Heiden transects in 1985 large purse seine catches.
Sanples fromthe Port Moller and Izembek Lagoon transects were not
included in the analysis because catches generally were too small, and
because of the likelihood that they were contaninated by |ocal sockeye
stocks for which training sanples were not available.

The met hodol ogy enployed in scale pattern analysis is w dely docu-
nmented (e.g., Conrad 1983; Rogers et al. 1984; Knutsen 1985; and
ot hers). Scal es taken fromthe “preferred area” (Clutter and wWhitesel
1956) or near it on the fish's body were nounted between mi croscope
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slides and projected 210X to an electronic digitizing tablet. After
identifying scale annuli, nmeasurenents were taken along a standardized
axis from scale focus to margin. The coordinates of the scal e charac-
ters being neasured were entered with a hand-held free-cursor and pro-
cessed by a nmicroconputer interfaced to the digitizing tablet. Scal e
measurements (nunbers of circuli and intercircular distances to 0.001
inch) were formatted and recorded, along with correspondi ng biol ogical
identifiers, on floppy diskettes.

These data were used to construct a linear discrimnant function
(LDF) by which the relative proportions of each stock present in purse
seine catches at Ugashik and Port Heiden could be estimated. The LDF
analysis available in the BVDP conputerized anal ysis series (BMDP7M;
Di xon and Brown 1979) evaluated training sanple scale data to select a
i near conbination of scale characters showi ng greatest between-stock
variation relative to within-stock variation. The accuracy of the
resulting allocation rule was assessed by reclassifying each individual
scale in the training sanples against all others. The tallied results
gave the classification accuracy of the LDF and the probability of
m sclassification, which were then used to adjust estimates of stock
menber ship of unknown scal es.
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4.0 RESULTS

4.1 GENERAL

4.1.1 1984

The 1984 sanpling season was conpleted between June 26 and Septenber
12, 1984, and involved 277 sets of five gear types (large purse seine - PS,
beach seine - BS, tow net - TN, otter trawl - O, and beam trawl - BT)
(Table 4a). As shown in Table 4a, some transects were not sanpled during
sone cruises (i.e., Cruise I/ Transects 1 and 6, Cruise 2/Transect 2).
Effort was also |ow on sone transects during some cruises (i.e., Cruise
3/ Transect 5) due to weather interference. Transect O was aspecial case
and was only sampled in Cruise 2.

Al 1984 purse seine sets (71 total) were nade at outside stations
(1-3). For other gear types, the inside (Stations 6-11) versus outside
(Stations 1-5) effort was 30 versus 17 beach seine sets, 18 versus 22 tow
net hauls, and 27 versus 90 otter traw's, respectively. Al effort on
Transects 1, 3, and 5 was at outside stations since these transects
| acked enbaynents. In alconparisons, the variability in sanpling
effort must be considered. Beamtraw s were not further analyzed since

only two 10-nminute hauls were achieved wi thout gear failure or bottom
hangup.

An overview of all 1984 catches (unstandardized) from all cruises in
total nunbers of fish taken by species is presented in Table 1a  The
ranki ng nunbers in Table la (in parentheses) are the numerical rank of
nunbers caught by each gear type and for all gear types conbined (Iast
colum) . A total of over 88,400 fish representing some 53 taxa was cap-
tured in all 1984 sanpling. The scientific and common nanmes of those
species captured and identified to date are provided in Table 5 and
include eight species not previously reported nearshore in the study area
(Tabl e 2)
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1984 SAMPLING EF FORT BY GEAR, TRANSECT, STAT ION, AND CRUTSE

TABLE 4a

TRANSECT NUMBER
3TAT ION 0 | 2 3 4 5 6
JUMBER (UGASHIK) (*| 1DEN) (MOLLER) (MOFFET ) TOTALS GRAND
CRYI SE CRUISE CRUISE CRUI SE CcRUISE CRUISE CRUI SE BY CRUISE TOTALS
\ 1] 1) 1) 11 \ Il 1 | Il 11 [ I 11 I Il I I Il I I 11
Jutstde PS-2 PS-2 PS-2 PS-3 | PS-2 PS-2 PS-2 PS-3 [ PS-9 | Ps-2 PS-14
1(27%m) oT-2 012 or-12
(27m)
2(20m) PS-2 | Ps-2 | PS-2 PS-2 | PS-2 | PS-2 | PS-2 | PS-2 | PS-2 | PS-2 PS-2 PS-2 PS-2 | PS-1 Ps-8 [ P5-10] PS-9 PS-27
OoT-2 | o1-2 | OT-2 or-2 | OT-2 | OT-2 |OT-2 | OT-2 |OT-2 | OT-2 | OT-2 | O7-2 oT-2 | OT-2 or-8 [ OT-10| OT-10 j or-28
TN- 2 TN-2 TN-2
{20m)
3(12m) PS-2 PS-2 | PS-2 PS-2 | PS-2 | PS-2 | PS-2 | PS-2 | PS-2 | PS-2 | P$-2 | PS-2 PS-2 PS-2 PS-2 PS-8 [ PS-10]| PS-12  PS-30
OT-2 | or-2 | OT-2 OoT-2 Jor-2 | OT-2 |oOv-2 | OT-2 | OT-2 0T-2 OT-2 | OT-2 | OT-2 OoT-2 | Ov-2 oT-8 (07-10| OT-12 @ OT-30
TN-2 TN-2 TN-2 TN-2 TN-2 | TN-6 TN-8
(V2m)
4(6m) OT-2 | OT-2 | Oo1-2 oT-2 | OT-2 |or-2 | OT-2 | OT-2 | OT-2 | OT-2 | OT-2 | OT~2 | OT-2 OT-2 | oT-2 OT-8 |OT-10]| OT-12@ OT-30
TN-2 TN-2 TN- 2 TN-2 | TN-2 | TN-2 TN-4 TN-6 | TN-2 TN- 12
8r-1 BT-1 B87-1 a8T7-1 BT-2
(6m)
5(Beach 0S-2 BS-2 B8S-| BS-2 | BS-4 | BS-2 BS-2 | BS-2 B85-4 | 0s-8 BS-5 0s-17
(Out-
side
Beach )
Inside
6 BS-2 B8s-2 0S-2 | BS-2 | BS-3 BS-3 | 85-3 0S-4 BS-9 | BS-6 8s-19
7 BS-2 BS-2 BS-2
or-2 | OT-2 | OT-2 OT-2 | OT-2 OT-2 OT-4 | OT-4 oT-10
TN-2 | TN-2 TN-2 N- 2 TN- 2 TN-2 TN-4 TN-8
8 8s-1 BS-I BS-1
OT-2 | 0¥-2 OT-2 | 01-2 OT-4
TN-2 TN-2 TN-4 TN-4
9 85-1 85-2 0S-1 BS-2 0S-3
OT-2 oT-2 OoT-2 | 0T-2 OT-4
10 BS-3 BS-3 85-3
oT-1 | 0o1-2 | OT-2 OT-I oT-2 | OT-2 OT-5
TN-2 TN-2 TN-2
" Os-2 0S-2 BS-2
0r1-2 | 07-2 or-2 | OT-2 oT-4
TN-2 | TN-2 TN-2 TN-2 TN-4
TOTALS PS-6 | PS4 PS-4 PS-6 | PS-4 | Ps-6 | PS-4 | PS-7 | PS-6 | PS-4 | PS-4 | PS-5 | PS-2 PS-6 | PS-3 P5-19 | PS5-29| PS-23
0S-4 BS-2 BS-2 0S-2 BS-1 | BS-6 | 85-8 | BS-7 8s-10| 0S-5 8S-10| 0S-24] 85-13
TN-2 OoT-6 | OT-6 | OT-6 oT-8 | OT-6 | OT-6 | or-6 | ov-11] oT~12] OV-10] OT-6 | OT-6 | OT-4 oT-12| OoT-12|§ 0OT-27( OT -42|] 0T7-46
TN-4 TN-4 TN-4 TN-B TN- 10| TN-4 TN-2 TN- 2 TN-12 | TN- 22| TN-6
BT-1 BT~ BT-| BT-1
GRAND PS-10 PS- 10 PS-14 Ps-17 PS-11 PS-9 PS-71
TOTALS BS-4 ‘0S-2 BS-2 BS-3 BS-21 0S- 15 Os-47
™N-2 or-12 or1-14 oT-18 oT-33 or-16 orT-24 or-117
TN-4 TN-B TN-22 TN-4 TN-40
BI-1 BT-2
1/ Gear Codes: FP5-Purse selne BS-Beach selne 01-1 rynet  IN-Tow net ~“BF-bean Traw)



TABLE 4b

1985 SAMPLINGEFFORT BY GEAR, TRANSECT, STATION, ANO CRUISE

TRANSE!  numocn
STAT 10t 0 7 4 b
NUMBER (UGASHIK) (HEIDEN) (MOLLER) (MOFFET) TOTALS GRAND
o SE s SE R SE CRUISE _BY uise TOTAL
I 11 t |- U= | 1 1 n
LU
0(5nm | Ps-3 | Ps=t | ps-1 | Ps-5 | ps-3 | ps- | Ps-2 | ps- PS-5 |Ps-| PS- 23
1(10nm —_—
Ps-3 | PS-! PS-1 PS~24
2(5nm)
Ps=3 | Ps-u PS-2 PS-31
2 |7 -
3(12) ps-1 J rs-20
55-5
4(Beact
Koo 352 o2 | 59
only) 555 | 052
i(Bsach
Bs-3 3s- 1 3s-14
'.ns.ide,
i Beach 8s-1 [l B5-15
1 BS-2 ss-4 fl 557
gs-4 [l BS-4
8 55-1 ss- 1 55|
Bs-2 Wl ss-
g 55-1 ss-1 [ 551
Bs2 ff 35-3
10 551 is-3
1 $ | 5. -1
17 55-2 W ss-3
3 1S-3 $5-4
— -
otats |ps-9 | ‘520 >5-5¢
5-3 35-2(
57 35-31
[
%-9 7
55-34
354 |

1/ Gear Codes:

PS4 seS*|

ne 55-Small selne

74

S5-Beach seline




TABLE 5

COVMON AND SCI ENTI FI C NAMES OF | DENTIFI ED FI SH TAXA

NORTH ALASKA PENI NSULA, 1984-1985 (W TH NOAA TAXONOMIC CODE)a

NODC
Taxon Code Common Nane Scientific Nane
8857041501 Al aska Pl aice Pleuronectes quadritubercul atus
8791030201 Arctic Cod Boreogadus sai da
8857041001 Arctic Flounder Li opsetta glacialis
8603010201 Arctic Lanprey Lanpetra iaponica
8831080901 Beri ng Poacher Occella dodecaedron
8831022101 Brightbelly Sculpin M crocottus sellaris
8857040701 Butter Sole Isopsetta isolepis
8755030201 Capelin Mallotus villosus
8755010206 Chi nook Sal non Oncorhynchus tshawyt scha
8755010202 Chum Sal non Oncorhynchus keta
8791030000 Cods (unid.) Gadi dae
8755010203 Coho Sal mon Oncorhynchus ki sut ch
8842130205 Crescent Qunnel Pholis laeta
8831020601 Crested sculpinb Blepsias bilobus
8755010401 Dol Iy Varden Sal vel i nus malma
8755030501 Eulachon Thaleichthys pacificus
8857040000 Fl ounder (unid.) Pleuronectidae
8857040601 Fl at head Sol e Hi ppogl 0ssoi des elassodon
8831022204 G eat Sculpin Myoxocephalus polyacanthocephalus
8827010101 Kel p Greenlingb Hexagr anmmos _decagrammus
8857040902 Longhead Dab Li manda probosci dea
8818010201 Ni nespine Stickl ebacks Pungitius pungitius
8791030401 Paci fic Cod Gadus macrocephalus
8857041901 Paci fic Hali but Hippoglossus stenolepis
8747010201 Pacific Herring Clupea harengus pallasi
8840010201 Paci fic Sandfish Trichodon trichodon
8845010101 Paci fic Sand Lance Ammodytes hexapt er us
8831021801 Pacific Staghorn Sculpin Leptocottus armatus
8831020401 Padded Sculpin Artedius creaseri
8755010201 Pi nk Sal non Oncorhynchus gorbuscha
8831022201 Pl ai n Sculpin Myoxocephalus jaok
8755030102 Pond smeltb Hypomesus olidus
8755030302 Rai nbow Snel t Osmerus nor dax
8831023805 Ri bbed Sculpin Triglops pi ngel
8857040801 Rock Sol e Lepi dopsetta bilineata
8842130206 Saddl eback Gunnelb.d Pholis ornata
8831022301 Sailfin Sculpinb Nautichthys oculofasciatus
8831020000 Sculpin (unid.) Cottidae
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TABLE 5 (Cont.)

NODC
Taxon Code Common _Nane Scientific Nane
8831020602 Silverspotted Sculpin Blepsias_Ci Irhosus
8755030000 Smelt (unid.) Gsnrer i dae
8831090000 Snai |l fish (unid.) Li paris sp.
8842120902 Snake Prickleback Lunpenus sagitta
8755010205 Sockeye Sal non Oncorhynchus nerka
8857041401 Starry Fl ounder Platichthys stellatus
8831080802 St urgeon Poacher Agonus acipenserinus
8755030101 Surf Snelt Hypomesus pretiosus
8831021603 Threaded sculpinb Gymnocanthus_pistilliger®
8818010101 Threespine Stickl ebacks Gast er ost eus aculeatus
8831022401 Ti depool Sculpinb Oligocottus maculosus
8831081101 Tubenose Poacher Pallasina barbata
8791030701 Val | eye Pollock Ther agra chalcogramma
8827010104 Wi tespotted Geenling Hexagranmmos stelleri
8842020201 Wolf-eelb Anarr hi cht hys ocellatus
8857040901 Yellowfin Sole Li mranda aspera

8gource: AFS, 1980, except as noted

*Not previously reported in the area, Table 2
Cwilimovsky 1958

‘ Taken only in 1985

Lengt h-frequency eval uations were conpl eted on those species where
sufficient individuals were captured and neasured in each of the three

Crui ses.

A breakdown of 1984 catches by cruise, transect, and station for
purse seine, tow net, beach seine, and otter traw is provided in
Appendi ces B through E, respectively. Species evaluations for 1984 that
follow are divided into juvenile salmonids (Section 4.2) and non-
salmonids (Section 4.5). Adult salmonids taken in 1984 (Table la) are
not discussed further since sanpling gear was not scaled to a size ade-
quate to consistently sanple adults.
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4.1.2 1985

The 1985 sanpling season was conpleted between June 16 and July 28,
1985, and involved 172 sets of three gear types (large purse seine - PS,
smal | purse seine - SS, and beach seine - BS) as summarized in Table 4b
(p. 74). To facilitate tenmporal assessnment of the Cruise 4 data in
1985, the sanpling season was divided into two subsets (4a and 4b).
Crui se 4a ended on July 6 and Crui se 4b began on July 7, providing
3 weeks in each subsampling period. This division of Cruise 4 was made
primarily for the large purse seine. For continuity of conparisons in
1985, the same dividing date was used for the small seine and the beach
seine, even though these two' gear types were initiated later in Cruise
4a than the large seine effort. Therefore, while this Cruise 4 division
is fairly even for the large seine effort, there was |ess beach seine
and small seine effort in Cruise 4a than Cruise 4b

O the 34 snmall seine sets made in 1985, 14 were nade in outside
| ocations and the remaining 20 sets were nmade in inside |ocations
(Stations 7-13). O the 41 beach seine sets, only 16 sets were nade at

outside |ocations (generally exposed to the open ocean) while the
remaining 25 sets were made at the inside stations (6-9).

An overview of all catches (unstandardized) for all gear types in
1985, in terms of total nunmbers of fish taken by species, is presented
in Table I|b. As in 1984, a nunerical ranking of nunmbers caught by each
gear type and by all gear types conbined (last colum) is shown in
par ent heses. A total of alnpst 30,000 fish representing some 30 iden-
tified taxa (Table 5) was captured in 1985. A single new species, the
saddl eback gunnel, Pholis ornata, was taken in 1985. This species joins
the eight taken in 1984 that were not previously reported (Table 2) in

the area. The total nunber of species taken in 1985 declined fromthe 53

taken in 1984 primarily due to dropping the otter traw in the 1985
study .

In 1985, juvenile salnmon (chinook, chum coho, pink, and sockeye)
made up 52 percent by nunber of fish taken (Table Ib). If the catches
of two other pelagic species, Pacific sand | ance and rai nbow snelt, are
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conbined with juvenile salnon, together they constitute 93 percent of
the total 1985 catch.

Unlike the 1984 effort with the tow net targeting on pelagic spe-
cies, the small purse seine proved nore successful in capturing pelagic
fish in nearshore and inside waters. As with the large seine operation
in 1984, weather and tidal current direction dictated, to some degree
the snmall seine sanpling capability in 1985. This was due to the use of
an inflatable boat asaskiff.

Statistical summaries of 1985 catches by cruise, transect, station,
and gear are provided in Appendices G through I, respectively. Eval u-
ations for 1985 that follow are divided into 1985 salmonids results
(Section 4.3), a general discussion of juvenile salmonid distributions
and novements (Section 4.4), 1985 nonsalmonids (Section 4.6), and com
pari sons of 1984 and 1985 catch data (Section 4.7).

4.2 SALMONIDS - 1984

4,.2.1 General Catch Patterns

The total raw catch of juvenile salnon across all gear types in
1984 was 898, or about 1 percent of all fish captured. O this figure
771 (86 percent) were captured in the purse seine, 84 (9 percent) in the
beach seine and 43 (5 percent) in the tow net (Table Ia).

The purse seine CPUE of all juvenile salnon (all species, stations
and transects conbined), was only 8.21 fish per set (weighted average,
standardi zed for 10-mnute set tinme). Purse seine CPUE was slightly
greater in Cruise 2 (late July to md-August; 9.86) than in Cruise 1
(late June to md-July; 8.60) and dropped significantly by Cruise 3
(late August to nid-Septenber; 5.82) (Figure 8, Table 6). This pattern
is conpared to the seasonal patterns of abundance of other major species
caught by the purse seine in Figure 9. A conparison of the purse seine
CPUE by subarea, summed over all cruises, showed a decreasing catch rate
fromthe inner (Transects 1 and 2, 15.7 fish per set) to the mddle
(Transects 3 and 4, 8.2 fish per set) and outer bay (Transects 5 and 6,
0.7 fish per set) subareas (Figures 9 and 10).
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TABLE 6

1984 purse SEINE CATCH ror ALL JUVENILE SALMONIDS COMB INED?

Crui se 1 2 3 AT Cruises

wed Wtd Wtd Wtd
Station 1 2 3 aAvg 1 2 3 Avg 1 2 3 Avg 1 2 3 Avg
Transect:
1 31.70 0.00 0.80 10.83 0.40 53.70 27.05 3170 0.20 27.25 17.32
2 0.00 63.30 31.65 210 2,10 2.90 2.37 2.10 1.0S 33.10 14.08
3 4.40 0.00 2.20 60.00 26.70 9.60 32.10 120 1.20 1.20 60.00 10.77 3.60 14.73
4 1.20 4.60 6.50 3.69 2.90 0.80 4.40 2.70 0.50 280 1.65 1.88 1.97 4.57 2.86
s 0.30 0.80 0.55 0.00 0.00 210 0.84 0.00 0.00 0.00 0.15 0.97 0.58
6 0.00 0.40 3.60 1.33 0.00 0.00 0.00 0.00 0.27 1.8 0.89
Wi ght ed
Aver ages:
Station 1.20 2.33 17.65 21.02 558 4.10 2.10 0.93 10.10 Al teans 14.07 3.07 10.11
Crui se 8.60 9. 86 5.8 Al cruise Wighted average 8.21

“Weighted averages of station neans, standardized to 10-minute set times. QCuise 1. Late June to mid-guly:
Cuise 2:  Late July to mid-August; Cruise 3. Late August to mid-Septenber.
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A comparison of CPUE by stations, all transects and cruises com
bi ned, indicated that Stations 1 and 3 (27 mand 12 m) had hi gher aver-
age catch rates than did the internediate Station 2 (20 m) (Figure 11).
This assertion is confounded by differences in sanpling effort, since
over twice as many sets were made at Stations 2 and 3 as at Station 1,
and several large catches at Station 1 heavily influenced the data set.
During Cruise 2 (late July to md-August), where we had the nost
bal anced effort (sanpled all three stations on five transects), there
was a sharp decrease in catch rate from Station 1 (21.0 fish per set) to
Stations 2 (5.6 fish per set) and 3 (4.1 fish per set; Table 6)
suggesting a preference for offshore vs. onshore habitats

In Cruise 1, purse seine sanpling was conducted on four days (June
29, July 1, 3, and 15). Transect 4 was sanpled first, followed in order
by Transects 3, 2, and 5. W nade 19 hauls,of which 4 were enpty sets
and 11 (58 percent) caught juvenile salmonids. Catches ranged from O to
162 with a total raw catch of 221 and a nean standardi zed catch of 8.60
per set. As nentioned earlier, weather was a problem and prevented
sanmpling on Transects 1 and 6 (Table 4).

In Cruise 2, purse seine sanpling was conducted on six days (July
27, August 2, 3, 5, 10 and 12). Sanpling began at Transect 1 foll owed
by Transects 3, 5, 6, and 4. W nade 29 hauls,of which none were enpty
sets and 15 (48 percent) caught juvenile salmonids. Catches ranged from
Oto 97 with a total raw catch of 382 and a standardi zed nmean catch of
9.86 per set. Inclenent weather prevented any sanpling on Transect 2.

In Cruise 3, purse seine sanpling was conducted on five days
(Septenber 2, 4, 8, 11, and 12). Sampling began at Transect 5 and pro-
gressed to Transects 6, 4, 3, 2, and 1. A total of 23 sets was nade of
which there were no enpty sets and 16 of 23 (70 percent) caught juvenile
sal noni ds. Catches ranged fromO to 103 with a total raw catch of 168
and standardi zed mean catch of 5.82 per set. Cover age was good except
for Transect 5 where only two sets were nade
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Tow net catches of juvenile salmonids were significant only on
Cruise 2 (Figures 12 and 13; Appendix C). The mpjority of the tow net
catch (71 percent) was froma station inside ugashik Bay with a very few
addi tional fish taken offshore on Transect 3, inside Port Moller, and

i nsi de Izembek Lagoon. Because of this [ow success rate, tow netting
was de-enphasized in Cruise 3 (Table 4a).

Mean beach seine catches of juvenile salmcnids generally decreased
at protected stations through the sampling season but were greater in
Cruises 2 and 3 on unprotected beaches (Figures 12 and 13; Appendix D).
O protected beaches, Port Moller stations had a hi gher average catch
rate than other embaynments, while on exposed beaches Transect 6 had the
greatest catches (sanpled Cruises 2 and 3 only). However, the “exposed”
Transect 6 beach seine site is sonmewhat protected (see Appendix A,
Figure A-4).

4.2.2 Sockeye Sal non

Juveni |l e sockeye sal nbn (Oncorhynchus nerka) were expected to be an

overwhel m ng domi nant in our catches based on the many millions of
snelts known to |eave Bristol Bay spawning systems each spring. Average
purse seine catch (standardized to 10-minute sets) over the entire sam
pling season was only 2.8 fish per set (Table 7). In Cuise 1 (late
June to mid-July) purse seine catches, sockeye were the nost frequently
caught juvenile, occurring in 8 of 19 sets. H ghest mean catches (6.1
fish per set) were from stations outside Port Moller (Transect 4) and at
Transect 3. In Cruise 2 (late July to md-August), nuch higher catches,
to 31.7 per set, were taken off Transects 1 and 3 (Transect 2 not
sanpl ed). Hi ghest catches (all transects conbined) were at Station 1
(11.6 fish per set; n = 9) with progressively fewer fish per set nearer
shore at Stations 2 and 3 (3.0 and 1.8 per set, respectively). Very few
sockeye juveniles were taken at outer bay Transects 4 through 6. By
early Septenber (Cruise 3), juvenile sockeye were taken only off
Transects 1 and 2 (2.5 fish maxi num standardi zed catch in any set).

Juvenile sockeye occurred in only two beach seine hauls during
Cruise 1, both inside Port Moller. In Cruise 2 beach seines, sockeye
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TABLE 2
1984 PURSE SEINE CATCH FOR JUVENI LE socxeve2

Crui se 1 2 3 AT Crurses
Wd W d Wd W d
Station 1 2 3 Avg 1 2 3 Avg 1 2 3 Avg | 2 3 Avg
Transect:
1 31.70 0.00 0.80 10.83 0.40 2.50 1.45 31.70 0.20 1.65 7.08
2 0.00 170 0.85 1.700 0.00 0.00 0.57 1.70 0.00 0.85 0.68
3 4.40 0.00 2.20 19.90 14.00 6.00 13.30 0.00 0.00 0.00 19.90 6.13 2.00 6.33
4 120 430 6.10 3.49 0.80 0.80 0.00 0.53 0.00 0.00 0.00 1.04 1.70 2.03 1.62
5 0.00 0.40 0.20 0.00 0.00 2.10 0.84 0.00 0.00 0.00 0.00 0.83 0.45
6 0.00 0.40 0.00 0.13 0.00 0.00 0.00 0.00 0.27 0.00 0.09
\\éi ght ed
Aver ages:
Station 1.20 2.18 2.05 11.64  3.04 1.78 1.70 0.09 0.42 Al Trane 7.99 1.80 1.31
Crui se 1.97 5.28 0.40 Al Cruise \eighted Average 2.81

“wei ght ed averages of station means, standardi zed to 10-minute set tinmes.




juveniles were taken in 7 of 24 sets on Transects O 1, 4 and 6 with
peak catches (7 per set; n = 2) at Station 5, Transect 6, just inside
the north entrance to Izembek Lagoon. Sockeye were also taken in tow

nets (3.5 per set; n = 2) at Station 8 inside Izembek Lagoon during
Cruise 2.

Sockeye juveniles were weakly bimodal in size during Cruise 1 with

peaks at 91 to 100 mm (|l arger “l-check” outmigrants) and 131 to 140 nmm
( larger “2-check” outmgrants; Figure 14). In Cruise 2, sockeye size
was strongly bimodal with peaks at 81 to 91 nm (snaller “l-check” out-

mgrants) and 111 to 120 mm (snaller “2-check” outmigrants). By Cruise

3, too few fish were measured to reveal size distribution patterns.

4, 2.3 Chum Sal nobn

Chum sal non (0. keta) juveniles were taken in only two purse seine
sets (one fish each) during Cruise 1 (late June to md-July), both on
Transect 5. During Cruise 2 (late July to m d-August), chum juveniles
were only taken on Transect 3 where they were rel atively abundant,
ranging from 34.3 per set at the offshore Station 1 to 3.6 per set at
the inner Station 3 (Table 8). During Cruise 3 (late August to md-
Septenber), juvenile chums were surprisingly abundant in purse seine
sets from Transect 4 north into the bay. Chum juveniles were caught in
72 percent (13 of 18 sets) of sets in this region with catches up to
50.8 fish (standardized) in tw sets at Station 3 (n-m, Transect 1 on
the last day of sanpling. Only five chum juveniles were taken in beach
seining in Cruise 1 (Transects 3 and 4) and none were taken in Cruise 3.
During Cruise 2, scattered chum juveniles were taken in beach seines at
Transects 4 and 6. No chum juveniles were taken in tow netting in
Cruise 1 or 3, however, during Cruise 2, they were common (15 per set; n
= 2) in catches inside Ugashik Bay (Transect O.

Juvenile chum sal non spanned a wi de range of sizes in Cruises 2 and

3 (Figure 15) with a significant increase in the size of the dom nant
mode between the two sampling periods.
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TABLE 8

1984 PURSE SEINE CATCH FOR JUEN LE cuuwe

Crui Se 1 J 3 AT Crurses
. Wd wtd Wtd W d
Station ! 2 3 Avg | 2 3 Avg ! 2 3 Avg l 2 3 Avg
Transect:
1 0.00 0.00 0.00 0.00 3.40 50.80 27.10 0.00 1.70 25.40 10.84
2 0.00 0.00 0.00 0.40 1.70 2.90 1.67 0.40 0.85 1.45 1.00
3 0.00 0.00 0.00 34.30 10.50 3.60 16.13 0.80 0.80 0.80 34.30 3.77 1,47 7.14
4 0.00 0.00 000 o0.00 0.00 0.00 0.00 0.00 0.00 2.30 1.15 0.00 0.00 0.77 0.27
5 0.30 0.40 0.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.13 0.13
6 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00
Weighted
Aver ages:
Station 0.00 0.08 0.10 7.62 2.10 0.72 0.40 1.31 9.47 Al Trans 4.96 1.24 4.05
Cruise 0.07 3.34 5.49 Al Cruise Wighted Average 3.16
“Wei ghted averages of station neans, standardized to lo-mnute set tinmes.
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4.2.4 Coho Sal non

Surprisingly, coho (silver) salnon (Q. kisutch) provided the
| argest mean standardi zed purse seine capture of juvenile salmonids in
1984: 62.6 fish in tw July 3 (Cruise 1) sets on Station 3 of Transect
2 (Table 9). Apart fromthis station, a few juvenile coho occurred in
scattered sets on Transects 2 and 3 (Cruise 3) Transect 4 (all cruises)
and Transect 6, Station 3 (Cruise 2). coho were the npst common sal non
juvenile caught in beach seines on Cruise 1 (Shingle Point, Herendeen
Bay) and were the only juvenile salnon caught in Cruise 3 beach seines
(Transect 4, Station 5 and Transect 6, Stations 5 and 6). The three
juvenile coho in Cruise 2 beach seines all cane from Transect 6,

Stations 5 and 11. Coho juveniles were not taken in tow net sanpling in
any cruises.

4.2.5 Chinook Sal non

Single juvenile chinook salnmon (Q_ tshawtscha) were taken in purse
seine sets at the two outer stations (27- and 20-m on Transect 3 during

Cruise 2 and at n-mstations on Transect 1, 2, and 4 in Cruise 3 (Table
l0). The largest single catch was 10 fish on Transect 3, Station 1 on

Cruise 2 (July 27). Only one juvenile chinook was taken in a beach
seine; that was inside Ugashik Bay on Cruise 2.

4.2.6 Pink Sal non

Only five pink salnmon (O. gorbuscha) juveniles were captured (on
Transect 4, Station 1 in Cruise 2). This low catch rate was expected in
an even-nunbered year in this area.

4.2.7 Discussion of 1984 salmonid Cat ches

Bristol Bay river-lake systens have the | argest adult sockeye
salmon runs in the North Pacific. Al though there is considerable year
to year variation, the annual runs since 1978 have all been greater than
25 mllion fish. The bay al so supports annual runs of 2 to 3 million
adult chum sal non and even |arger runs of adult pink salnon in even-
nunbered years (about 16 million in 1978 and about 6 nillion in 1984)
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TaBLE 9

1984 PURSE SEINE CATCH ror JUVENI LE cono?

uurse 1 2 3 AT Crulses
W d W d Wtd W d
Station 1 2 3 Avg 1 2 3 Avg 1 2 3 Av9 1 2 3 avg
Transect:
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 62.60 31.30 0.00 0.40 0.00 0.13 0.00 0.20 31.30 12.60
3 0.00 0.00 0.00 0.40 1.10 0.00 0.50 0.40 0.00 0.20 0.40 0.50 0.00 0.27
4 0.00 0.30 0.40 0.20 0.00 0.00 4.40 1.47 0.50 0.00 0.25 0.00 0.27 1.60 0.66
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 3.60 1.20 0.00 0.00 0.00 0.00 0.00 1.80 0.80
\\éi ght ed
Aver ages:
Station 0.00 0.08 15.75 0.09 0.22 1.60 0.00 0.29 0.00 Al Trans 0.06 0.20 4.73
Crui se 6.66 0. 66 0.11 Al Cruise Weighted Average 2.09

“Wighted averages of station means, Standardized to 10-minute set tines.
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TABLE 10

1984 PURSE SEI NE CATCH FOR JUVEN LE cuinoox?

Crui se 1 2 3 Al Cruises
Wtd wtd Wd Wd
Station | 2 3 Avg 1 2 3 Avg | 2 3 Avg | 2 3 Avg
Trans eCt:
1 0.00 0.00 0.00 0.00 0.00 0. 40 0.20 0.00 0.00 0.20 0.08
2 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 5,40 1.10 0.00 2.17 0.00 0.40 0.20 5.40 0.37 0.13 0.99
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.25 0.00 0.00 0.17 0.06
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i ght ed
Aver ages:
Station 0.00 0.00 0.00 1.20 0.22 0.00 0.00 0.00 0.22 Al Ttrans 0.77 0.08 0.09
Crui se 0.00 0.45 0.11 alcruise i ght ed Aver age 0.22

“Weighted averages of station means, standardized to |o-ninute set times,




(Table 11). The chum and pink adult salmon runs are concentrated in the
west side of Bristol Bay (primarily Nushagak Bay), as are the |ess abun-
dant runs of chinook and coho sal non

The timng of the annual adult sockeye salnmon runs to Bristol Bay
is estimated by lagging the daily escapenent counts back to the fishing
district and adding the escapement to the catch. The lag tinme (i.e.
the nunber of days it takes the fish to travel fromthe fishing district
to the enuneration sites at the | ake system outlets) has been estimated
by comparing the timng of the annual catches with the timng of annua
escaperments. The method of estimating the tinmng of an annual run pro-
bably results in an error of one to two days, which is conparable to the
variation in the estimated timng of the majority of the annual runs
since 1960.

Late adult runs have been associated with cold spring weather,
whereas early runs have generally foll owed warm spring weat her. The
| atest run occurred in 1971 when 10 percent of the Nushagak run passed
through the fishing district on July 5 (average date = June 28) and the
m d-point of the run (50 percent) was on July 11 (average date = July
4). In that year, 10 percent of the Naknek-Kvichak run occurred on
July 1 (average date = June 26) and the md-point of the run was on July
8 (average date = July 2). The earliest run to begin was in 1979 when
10 percent of the Nushagak run occurred on June 23 and the Naknek-
Kvichak run on June 21. The earliest md-point of a run was in 1967
June 30 for the Nushagak, and June 28 for the Naknek-Kvi chak.

Prelimnary data obtained from ADF&G indicate that the 1984 adult
run began earlier than average (10 percent on June 24 in the Nushagak
and on June 25 in the Naknek-Kvichak), but the mid-point of the run was

about average (July 3 in the Nushagak and July 4 in the Naknek-Kvichak).

The timng of the 1984 run was sinmilar to the timng of the 1969
and 1970 Naknek- Kvi chak runs but began about five days earlier than the
1969 and 1970 Nushagak runs. The 1984 run ended (90 percent) about July
12 to 13 (average July 11 for Nushagak and July 10 for Naknek-Kvi chak)
and was sonmewhat nore prolonged than average.
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TABLE 11

CATCHES AND ESCAPEMENTS OF SALMON | N BRI STOL BAY
THE NORTH ALASKA PENI NSULA, AND THE soutd PENI NSULA | NTERCEPTI ON FI SHERY

1980- 1984a
Year of Run
1980 1981 1982 1983 1984
Sockeye
East sideb Cat ch 17.2 17. 4 8.6 31. 4 22.2
Escape 29.8 5.7 4.7 6.4 14.4
West  side Cat ch 5.0 8.3 6.6 5.9 2.5
Escape 8.8 3.1 2.3 2.1 2.0
No. Pen. Cat ch 1.4 1.8 1.4 2.0 1.7
So. Pen.cC Cat ch 3.3 2.0 2.0 2.2 2.1
Chum
East side Cat ch 0.3 0.5 0.3 0.6 0.8
West  side Cat ch 1.1 1.0 0.6 0.9 1.0
Escape 1.4 0.5 0.3 0.3 0.6
No. Pen. Cat ch 0.7 0.7 0.3 0.3 0.8
So. Pen.cC Cat ch 0.5 0.5 0.7 0.5 0.5
Pi nk
East side Cat ch 0.3 + 0.1 + 0.2
West  side Cat ch 2.4 + 1.3 + 3.2
Escape 2.8 + 1.7 + 3.0
No. Pen. Catch 0.3 + + + +
Coho
East side Cat ch + + 0.1 + 0.1
West  side Cat ch 0.3 0.3 0.5 0.1 0.4
No. Pen. Cat ch 0.1 0.2 0.2 0.1 0.2

a Source: ADF&G unpublished statistics; nunbers in millions; + = less
t han 100, 000.

b East side is Naknek-Kvichak, Egegik, and Ugashik, and West side is
Nushagak and Togi ak.

C Catches in June.
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Interannual timing of the adult runs of the other species of salnon
is difficult to determ ne because the historical record is based largely
on catch statistics al one. The Nushagak chinook run begins about June
5, reaches apeak about June 20, and continues at a |low |evel through
July . The timng of the chumsalnon run is simlar to the sockeye run
except that chuns begin a little earlier and end a little later. The
pi nk salnon run in even-nunbered years begins about md July, peaks
about July 25 and ends about August 15. The coho run begins about July
20 and peaks in early August (Nushagak) or |ate August (Togiak). The
end of the coho run is difficult to determ ne because fishing usually
ends by |ate August. Based on prelimnary data from ADF&G, the timng
of the 1984 runs appeared to be about average for pinks and a little
earlier than average for chinook, chum and coho sal nmon.

Each summer as the adult salnon return to Bristol Bay, from 100 to
500 million juvenile sal nbn m grate seaward. The Bristol Bay snelt
m grations have been sanpled in the various rivers since the 1950s (by
BCF, FRI and ADF&G); however, only the Kvichak sockeye sal non snelt
m grati on has been sanpled each year. The juveniles are generally
t hought to concentrate closer to the coast of the Al aska Peninsul a than
the incomng adults; therefore, juveniles may be nore susceptible to
i mpacts from possible oil spills. Straty (1974) studied the distribu-
tion of juvenile sockeye salnmon by purse seine sanpling and marking
experiments in 1969 and 1970 (see Section 2.2.1); however, his sanpling
was less focused in nearshore waters and bays than that of the present

st udy.

The main purpose of our 1984 sanpling effort was to determine the
rel ati ve abundance of juveniles in the nearshore waters and to compare
the inshore/offshore distribution in 1984 with the offshore distribution
in 1969 and 1970.

Qur purse seine catches in 1984 were unexpectedly | ow. \Wher eas
Hartt and Dell (1978) and Straty (1974) reported sets often taking
hundreds and occasionally thousands of juveniles, our catches were
usually less than 10, often zero, and only occasionally exceeded 100
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juvenil es. The purse seine used in 1984 was about 60 percent of the
l ength of the seine used in 1969-1970, and was held open for only 10
m nutes as opposed to 30 mnutes used by Straty (U S. National Marine
Fi sheries Service - NWS, Juneau; personal communication 1985). How-
ever, the 1984 catches were nuch less than 20 percent (60 percent x 1/3)
of Straty’s 1969 and 1970 catches which for conparable stations fished
in 1984 averaged over 200 juvenile sockeye per haul. The parent escape-
ments for the sockeye salnmon snelts in 1984 were sonewhat |arger than
the escapenents for the 1969 and 1970 migrations,and the sonar-sanpling
program by the Al aska Department of Fish and Gane (ADF&G) i ndicated that
over 400 mllion sockeye salnon snelts mgrated to sea in 1984 (Tables
12 and 13).

To explore why our catches in 1984 were so small, we exam ned the
smelt migration in 1984 (prelimnary data provided by aprseG) and com
pared the characteristics of that migration with the mgrations in other
years, especially with regard to the timng and stock conposition of the
m gration.

The interannual variation in the timng of mgrations (i.e., the
onset) is related to spring tenperatures to the extent that colder tem
peratures delay the mgrations. Recent sockeye snelt migrations have
been relatively early (except 1982). Sone neasurenents of spring
temperatures are shown in Figure 16. Conditions in 1970 and 1984 were
very simlar (warn), whereas conditions in 1969 were col der than aver-
age. The water tenperatures in the rivers were especially warmin 1984.

The Kvichak sockeye stock, which in npost years is the largest in
Bristol Bay, usually mgrates from Lake Iliamna in late May to early
June. Variation in the annual timng of the smelt mgration is associ-
ated with the spring weather and the dates of ice breakup in the upper
and mddle portions of the |ake (Figure 17). Wien the | ake has been
clear of ice before May 10,the migrations have begun in nmid-Mwy, as in
1984 and 1970; in 1969 the migration was about 10 days |later.

The Wod R ver (and presumably other Nushagak) sockeye smelt mgra-
tions are usually later than the east side (including Kvichak) migrations
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BRI STOL BAY SOCKEYE SALMON ESCAPEMENTS AND ADULT RETURNS

TABLE 12

FOR THE 1969 and 1970 SMOLT M GRATI ONSa

Escapenent s

Snel t (MI1ions) Per cent Adul t Per cent
M gration Lake for Snelts of Age 1 in Return Age 1 in
Year System Age 1 Age 2 Smelts (MIlions) Return

1969 East Side
Kvi chak 3.2 3.8 52 4.7 10
Branch 0.2 0.2 T 0.3 94
Naknek 0.8 1.0 60 1.3 55
Egeqi k 0.6 0.8 " 1.4 16
Ugashi k 0.2 0.7 60 0.2 46
Tot al 5.0 6.5 7.9 23
West  Side
Wod 0.5 1.2 91 0.7 89
Igushik 0.3 0.2 - 0.2 89
Nuyakuk 0.02 0.2 - 0.1 88
Togi ak 0.1 0.1 - 0.1 89
Tot al 0.9 1.7 1.1 89

1970 East Side
Kvi chak 2.6 3.2 38 1.0 27
Branch 0.2 0.2 - 0.2 76
Naknek 1.0 0.8 55 0.8 32
Egeqi k 0.3 0.6 - 1.0 7
Ugashi k 0.1 0.2 58 0.1 25
Tot al 4.2 5.0 3.1 25
West  Side
Wod 0.6 0.5 98 0.8 87
Igushik 0.2 0.3 - 0.2 87
Nuyakuk 0.1 0.02 - 0.2 96
Togiak 0.1 0.1 - 0.2 80
Tot al 1.0 0.9 1.4

a Source:  ApF&G, unpublished statistics
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BRI STOL BAY SOCKEYE sarmMon ESCAPEMENTS FOR THE

TABLE 13

1984 and 1985 SMOLT M GRATI ONSa

Smel t
M gration
Year

Lake
System

Escapenent s
(MI1ions)

for Smelts of

Age 1

Age 2

Nunber
M gration
(MIlions)

Per cent
Age 1in
M gration

1984

1985

East Side

Kvi chak
Branch
Naknek
Egegik
Ugashik

Tot al

West  Side

Wood

Igushik
Nuyakuk
Togi ak

Tot al

East Side

Kvi chak

Branch
Naknek
Egegi k
Ugashik

Tot al

West

Si de

Wod
Igushik
Nuyakuk
Togi ak

Tot al
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because ice breakup is later (Figure 18). The outm grations fromthe
Wod River and Naknek systems tend to be nore prolonged than those from

many systens because these are multi-|ake systemns.

Sockeye sal non juveniles can travel ‘at sustained rates of 1 to 2
body | engths (b.1l.) per second (Hoar and Randall 1978) or about 10 km
per day for typical Bristol Bay snelts. Al though precise mgration
speeds through Bristol Bay are unknown, the marking experinents by
Straty (1974) indicated that a speed of 1 b.l./sec was certainly
possi ble (Figure 19). Juveniles may slow their mgration in outer
Bristol Bay as indicated by the recovery of three nmarked Ugashi k sockeye
at Port Moller in md-Septenber 1970. At a constant nmigration speed of
1 b.l./sec these marked juveniles would have been well beyond Port
Moller by m d- Sept enber.

The timng of past juvenile sockeye mgrations at Port Heiden was
exam ned with an assuned travel rate of 1 b.l./sec and nearly |inear
mgration routes from the lake outlets. Ugashik (and presumably Egegik)
juveniles hardly overlapped the distribution of Kvichak or Wod River
fish; the distributions of these stocks only overlapped significantly in
1962 (Figure 20).

There was an exceptionally large mgration from Ugashik and a
rather small migration fromWod River in 1984 (Tables 14 and 15). The
projected timng of the 1984 Bristol Bay sockeye sal mon juvenile mgra-
tion at Port Heiden is depicted in Figure 21. In this projection, the
nunber of Wod River snelts was doubled to provide an estimte for
smelts fromthe entire Nushagak District, and the timng was estinated
assuming a mgration rate of 10 kmiday as well as 1 b.l./sec. Since our
sampling did not” begin until about the first of July it is likely that
we mssed nost of the Ugashik and Egegik migrations in 1984. The esti-
mated migrations in 1982 and 1983 are shown for conparisons in Figures
22 and 23. Cearly the distribution of juveniles can vary considerably
from year to year depending on the magnitudes of the stocks, the size of

the smelts and spring weather.
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TABLE 14

BRI STOL Bay SOCKEYE SALMON SMOLT M GRATI ON, 1984a

Age I Age 1II Parent escape-

Mean  Mean Mean  Mean ment (mllions)

Lake Nunber length wt. Nunmber length wt. Age | Age |1
system (mllions) (mm) (9) (ml1ions) (m (9) (1982) (1981)
Kvi chak 51.9 90. 2 6.8 37.6 103.7 10.0 1.1 1.8
Naknek 32.1 97.0 8.8 48.8 107.7 11. 4 1.2 1.8
Egegi k 17.2 105. 8 10.1 32.2 112.5 12.2 1.0 0.7
Ugashi k 75.5 87.2 6.8 82.7 101.6 10. 3 1.2 1.3
Wod 22.2 92.3 7.8 1.4 96. 8 8.7 1.0 1.2
Nuyakuk 6.3 81.1 4.9 0.1 92.6 7.3 0.5 0.8
Igushik -- - 0.4 0.6
Togi ak T - 0.2 0.2

“Source: H..Yuen, ADF&G, Anchorage
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TABLE 15

BRI STOL BAY SOCKEYE samMoN sMOLT PRODUCTI ON BY BROOD YEAR, 1979-823

Lake Br ood Escape. Nunber of snelts (mllions)
system year (mllions) Age | Age |1 Tot al Smel t s/ escape.
Kvi chak 1979 11.2 163.0 8l.1 244, 1 22
80 22.5 122.9 76. 2 199.1 9
81 1.8 6.5 37.6 44.1 24
82 1.1 51.9 - T o
83 3.6 - - -
Naknek 1979 0.9 -- 12.9 - -—
80 2.6 115.6 16.5 132.1 51
81 1.8 36.8 48. 8 85.6 48
82 1.2 32.1 - - --
83 0.9 -- - -
Egegik 1979 1.0 - 14. 3 - -
80 1.1 49.5 16.5 66.0 60
81 0.7 2.2 32.2 34. 4 49
82 1.0 17.2 -- -- -
83 0.8 -- - -
Ugashi k 1979 1.7 - -- - -
80 3.3 - 12. 7 - -
81 1.3 31.3 82.7 114.0 88
82 1.2 75.5 -- - -
83 1.0 -- - -
Wood 1979 1.7 64.3 4.7 69.0 41
80 3.0 32. 4 4.1 36.5 12
81 1.2 19.6 1.4 21.0 18
82 1.0 22.3 -- -- (23)
83 1.4 -- -
*Source: ADF&G unpublished statistics
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The 1984 Wod River snelts were the largest (average |length

92.3 mMm) observed for that system since 1951; they typically average

only 80 to 85 mm and are usually the smallest snmelts mgrating from

Bristol Bay. Snelts from Egegi k (Lake Becharof) are usually the |argest
in Bristol Bay,and this was the case in 1984 (Figure 24).

Most of the juvenile sockeye salmon in 1984 were probably beyond
our sanpling area after the first cruise (e.g., by late July) and nost
of those that were present (e.g., Cruise 2) were probably fromthe
Nushagak District. Juveni |l e chum sal non, which are snaller (3-4 cm
t han sockeye salnon at migration and conme predom nantly from the
Nushagak River, were likely the nost abundant salmonid in the outer Bay
after the first of August (Table 16). Juveni |l e chum sal non were co-
dominant with the sockeye in the second cruise (Figure 8. The lack of
catches beyond Port Moller in early Septenber nay indicate that nost of
t he Nushagak chum sal non had not yet arrived there by that time or that
fish had noved off shore by this tine.

A second hypothesis (not at all rmutually exclusive with the first,
as di scussed above) considered to explain our relatively |ow catches of
juvenile salmonids in nearshore sanpling, conpared with catches by Hartt
and Dell (1978) and Straty (1974) offshore, was that these fish sinply
do not use the nearshore zone to the degree that they use offshore
wat ers. Various accounts of early marine life history of juvenile
sal mon have indicated novenents generally followi ng shorelines (e.g.,
Bax et al. 1980, Danes & Moore 1983). As fish increase in size, there
is a known tendency to nove to deeper waters, and speci es migratingas
larger juveniles (e.g., chinook and coho) tend to favor deeper or nore
open water habitats (e.g., Simenstad et al. 1982). Simenstad et al. (p.
352) observe that, in Puget Sound, sockeye juveniles “nove directly in
neritic habitats and show no affinity for nearshore habitats.” In our
study area the dynamic nature of the coastline, with its wave action and
wave-generated turbidity, may reduce the desirability of nearshore habi-
tats to the point where even snaller juvenile salmonids nove farther
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TABLE 16

MEAN PURSE SEI NE CATCHES OF JuveENILE SALMON BY LOCATI ON
AND DATE OF SAMPLI NG AND THE ESTI MATED ABUNDANCE OF
SOCKEYE SALMON ASSUM NG TWO RATES OF TRAVEL

Sanpl i ng No. of Mean standard catch Sockeye abundance
Crui se | ocation Date haul s Sockeye Chum Total a A B
[ Transect 1 0 - - - - -
(Heiden) 2 7/3 4 0.9 0 31.7 4 10
3 7/1 4 2.2 0 2.2 14 6
(Moller) 4 6/29 6 3.6 0 3.8 10 18
7/1 1 2.9 0 2.9 2 9
5 7/15 4 0.2 0.4 0.6 5 6
(Izembek) 6 0 - T -
[ Transect 1 7/27 6 10.8 0 10.8 1 2
(Heiden) 2 0 - T - -
3 8/2-3 6 13.3 16.1 32.1 2 1
(Moller) 4 8/12 6 0.5 0 2.7 1 2
5 8/5 5 0.8 0 0.8 2 7
(Izembek) 6 8/10 6 0.1 0 1.3 3 6
11 Transect 1 9/12 4 1.5 27. 1 27. 1 <2 <2
(Heiden) 2 9/11 6 0.6 1.7 2.4 <2 <2
3 9/8 4 0 0.8 1.2 <2 <2
(Moller) 4 9/4 4 0 1.2 1.7 <2 <2
5 9/2 2 0 0 0 <2 <2
(Izembek) 6 9/2 3 0 0 0 <2 <2

“Total includes coho, pinks and chinook (nostly ccho)

b Number in millions assuming travel rates of 10 kniday (A) and 1 body

| engt h/ see (B)
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of fshore soon after leaving their honme estuary. It may also be that the
unusual 'y rough weather during the 1984 sanpling period could have
i ncreased the tendency to use nore offshore habitats. This distribu-
tional pattern was suggested in our Cruise 2 (late July to m d-August,
1984) purse seine results (Tables 6 through 8), but did not hold for al
species in the 1985 results (Section 4.3). Qur trend of dimnishing
purse seine catches with distance down the peninsula (which did hold in
1985) could al so be synptomatic of an increasing tendency, with tine in
the marine environnent, tor juvenile salmon to nove offshore

Exami nation of 1966 and 1968 catches of sockeye and chum juvenil es,
broken down fromraw data of Hartt and Dell (1978) in Appendix F,
reveals a shift in peak catches fromtheir stations closest to shore to
m d-bay station in Septenber (contrast Appendix F, Figures F-7 and F-8;
F-15 and F-16). Thus, the tendency to abandon the nearshore areas may
become nore pronounced later in the sumer as fish size increases

4.3 SALMONIDS - 1985

Initiation of sanpling in 1985 was tinmed to coincide with the
begi nning of snelt outmgrations from Bristol Bay river systens, which
was relatively late due to cold spring tenperatures. Sanmpling began off
Port Moller on June 16 and continued up-bay to intercept the peak in
abundance of early-migrating smelts from Egegi k and Ugashik rivers. W
reversed direction at Ugashik and worked back and forth over the study
area as nmany times as weather and tine allowed, averaging 1 transect
each 2.5 days. The survey was concluded on July 28 at Ugashi k.

4.3.1 General Catch Patterns

Catches in the study area in 1985 confirmed that |arge numbers of
sal moni ds seasonal |y inhabit the nearshore waters of the North Aleutian
Shelf (e.g., inshore of 10 nautical niles). Juveniles of all five spe-
cies of Pacific salnmon, as well as adult sockeye, chum pink, and Dolly
Varden were taken by the various gear enployed. O the 15,619 juvenile
sal noni ds captured (Table 17), sockeye was the nost abundant species
(59.2 percent), followed by chum (32.9 percent), pink (6.1 percent),
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CATCHES OF JUVENILE SALMON BY GEAR TYPE | N 1985

TABLE 17

NUVMBERS  CAUGHT

GEAR SETS SOCKEYE COHO CHUM Pl NK CH | NOOK TOTAL
PURSE
SEI NE 97 8,498 178 403 5 9, 084
SMALL
SEI NE 34 738 52 758 115 1, 665
BEACH
SEI NE 41 ) 61 3,970 832 4,870




coho (1.9 percent), and chinook (0.04 percent). Mean CPUE for all gear
types conbi ned was hi ghest for sockeye (54.1), followed by chum (30.5),
pink (5.7), coho (1.7), and chinook (0.04). However, mean CPUE for each

species was strongly gear dependent (Figure 25).

To the extent that it reflects actual species distributions, the
pattern of catch by gear type suggests nmarked habitat affinities for
nost species (Figure 26). While juvenile sockeye were nost ubiquitous
in the study area and were taken in nearly all transect/gear conbinations,
catches described a generally offshore distribution, with conparatively

little use of estuarine or littoral habitats. Coho juveniles were taken

comonly, but not consistently, in nearshore and estuarine habitats
t hroughout the survey period. They were present in equal abundance
i nside estuaries and offshore within 5.0 nm of shore. Pi nk and chum

salmon juveniles were restricted largely to intertidal habitats,
al t hough novenent offshore was detected late in the survey peri od.
Their distributions showed the high degree of spatial overlap typical of
these two species. Since only six juvenile chinook were captured by al

gears during the survey, we hesitate to make inferences about habitat
use by this species. Habitat used by all species is nost probably a

function of fish size and, therefore, time of sanpling.

Adult sockeye, chum pink, and Dolly Varden were taken mainly in
of fshore purse seine sets, but a few adult chunms and Dolly Varden al so
wer e caught inside Port Moller. Largest catches of adult sockeye were
taken at stations on the Ugashik transect near the terminal fishing
grounds, and a relatively large catch of adult chuns was taken in the
smal | seine inside Herendeen Bay. Since the distributions and relative
abundances of adult salmon in fishing districts within the study area
are docunmented quite well by aADF&G commercial catch records, our catches
of adults were considered to be incidental to the survey objectives.
However, stomach sanples renmoved from adult sockeye taken at the Ugashik
transect on two separate occasions revealed intensive feeding activity

much farther into inner Bristol Bay than expected
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4.3.2 Adult Salmonids

Catches of adult salmonids in any gear were so infrequent that no
attenpt has been made to discern trends. This is not to say that adults
were not abundant in the study area. A breakdown of 1985 conmerci al
catches and escapenents of all species in the study area by ADF&G sta-
tistical sub-area is provided in Table 18. Nearly 4.6 nillion adult
salmon of all species returned to natal streans or were caught within
the NAS study area in 1985. The distribution of abundance of locally
produced adult salnon was centered around Port Moller and Bear River
(the Ilnik/Three Hills fishery is suspected to intercept sockeye of
Bristol Bay origin). Substantial escapenents of all species again point
to the inportance of the Port Moller vicinity as a center of production
of salmonids on the north side of the Alaska Peninsula. A chum sal non
stock of noderate size apparently utilizes Izembek Lagoon, judging from
catches up to 300, 000 and escapenents of nearly 450,000 in the years
since 1977 (see Appendix J for a summary of North Peninsula fishery
statistics) .

One of the nore significant results of adult salnon catches in the
large seine is the fact that sockeye salnmon were found to be feeding
within inner Bristol Bay. Stonachs of five sockeye sampled from catches
on June 14 and July 20 at the Ugashik transect were filled to capacity
with freshly consumed euphausiids. Many fishery biologists have in the
past tacitly assumed that feeding ceases in maturing Bristol Bay sockeye
as they enter the outer approaches to the Bay (cf., Straty and Jaenicke
1980) . Qur data show that sockeye continue to feed aggressiveI; in the
inner Bay to at |east Ugashik. The ultimate destination of adults
feeding at this location is not known.

4.3.3 Juvenile Sal non

4.3.3.1 Sockeye Sal non

The large purse seine was by far the nost effective gear for catch-

ing juvenile sockeye sal non. Mean CPUE for the entire 1985 survey
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TABLE 18

PRELI M NARY ADF&G ESTI MATES OF ESCAPEMENTS ( TOP NUMBER) AND

COVNVERCI AL CATCHES OF ADULT SALMON WTHIN THE NAS STUDY AREA IN 1985
(SOURCE: A. SHAUL, AREA MANAGEMENT BIOLOGIST)

LOCATI ON SOCKEYE CHUM COHO CH | NOXX Pl NK TOTAL
Cl NDER 12600 3200 13300 700 0 22500
Rl VER 400 0 13500 0 0 13900
PORT 45500 26500 40000 4700 0 116700
HEIDEN 5100 0 13400 4400 0 22900
ILNIK/ 22700 200 35000 0 0 57900
3 HLLS 978700 87300 3100 1700 0 1070600
BEAR 451500 5200 0 1200 0 457900
Rl VER 823100 68000 16200 4800 800 913723
NEL SON 314800 13000 18000 3200 0 349000
L AGOON 700000 6700 90200 10900 700 808500
HERENDEEN 700 71700 0 0 0 72400
PT. MOLLER 4900 262000 4900 1800 100 273700
BLACK 3700 4100 0 3200 0 11000
HI LLS 0 0 0 0 0 0
| ZEMBEK 17200 194700 0 0 0 211900
L AGOON 6200 126600 0 0 0 132800
G
BECHEVIN 200 21900 0 0 1400 23500
BAY 0 0 26700 0 1900 28600
TOTAL 3387300 891100 274000 36600 4900 4593900
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(adjusted to 10.0 min sets) was 79.7 sockeye/set of the |arge seine,
conpared to 22.4 for the small purse seine and 0.1 for the beach seine.
Aside from a few rather large catches in the small seine which indicated
the presence of juvenile sockeye inside Herendeen Bay, the small seine
and beach seine catch data described infrequent utilization of estuarine
and littoral habitats. The follow ng discussion therefore is linted to
results of the offshore conmponent of the survey.

Strong trends in sockeye abundance were apparent in the purse seine
catch data (Table 19). Mean CPUE of all sets declined with increasing
time and distance frominner Bristol Bay (Figure 27). H ghest mean CPUE
was recorded in Cruise 4a (June 16 to July 7) at Ugashik, with slightly
| ower CPUE for sets at Port Heiden 2 days later, and much | ower CPUE at
Port Moller 3 days hence. Peak CPUE for Port Moller sets was recorded 6
days later on July 2, which nay reflect the arrival of early juveniles
frominner bay transects. The pattern of CPUE shown in Figure 27
suggests that peak densities of juvenile sockeye had not reached Port
Moller by the beginning of sanpling on June 16, but were enroute
somewhere between there and Port Heiden.

The reconstructed tinme series of CPUE (Figure 28) was highly
correlated with the tinme series of estimated total sockeye abundance at
t he ugashik transect. Mean transect CPUE at each transect was expanded
and | agged back in tine to the approxinmate date that fish in the catches
woul d have passed Ugashi k. Expansi ons were based on tag recovery data
(Figure 19; also Jaenicke, unpublished data) that showed an exponenti al
decline in tag density with distance fromrelease (Figure 29). Travel
times were estimated to be 10 days from ugashik to Port Heiden, 27 days
from Ugashik to Port Moller, and 44 days from Ugashik to Izembek Lagoon,
based on an average body length of 9 cm and an assuned average daily
swi mming speed of 1 b.l./sec (see Section 4.2.7). The resulting pattern
of CPUE shown in Figure 28 closely resenbles the pattern of daily juve-
ni |l e abundance at Ugashik cal cul ated by assumi ng snelts enunerated at
the five mgjor river systens mgrate at an average swinmmng speed of 1
b.1./sec (Figure 30).
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TABLE 19

SUMVARY OF CRUI SE 4 PURSE SEI NE
CATCHES OF JUVEN LE SOCKEYE SALMON

NUMBER VEAN
CRUI SE TRANSECT STATI ON CF SETS CATCH

4 a UGASHIK 2 3 139.7
1 3 907.7

0 3 13.3

PORT 3 2 296.5
HEIDEN 2 2 734.0
1 1 40.0

0 1 0.0

PORT 3 5 21.2
MOLLER 2 4 52.3
1 4 45.0

0 3 52.3

IZEMBEK 3 2 1.5
L AGOON 2 2 3.5
1 2 0.0

0 2 0.0

4b UGASHIK 2 10 97. 3
1 5 4900

0 5 96.0

PORT 3 5 74. 6
HEIDEN 2 ) 51.6
1 5 21.6

0 5 0.0

PORT 3 4 3.8
MOLLER 2 3 1*4
1 2 36.1

0 1 000

IZEMBEK 3 2 0.0
L AGOON 2 2 13.5
1 2 0.0

0 2 0.s
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PROJECTED TM NG AT UGASHIK
Juvenile Sockeye Migration, 1985
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The projection of migration timng above, if reasonably accurate
i ndi cates that peak numbers of juveniles passed Ugashik before our first
visit on June 19. Large catches at Port Heiden on June 22 support this
conclusion, since distance between the two transects represents about 10
days’ travel time for an average-sized juvenile. However, high abundance
at Ugashik on May 20, as indicated by the Port Moller catch on June 16,
al nost certainly is an artifact, since few snelts were enunerated
| eaving their river systems on that date. The June 16 catch nost |ikely
represents a |ocal abundance of Hoodoo Lake or Bear Lake sockeye stocks
The very | ow CPUE at Izembek Lagoon on June 29 is explained by the fact
that the main Bristol Bay juvenile sockeye mgration could not have been
in the area by that date.

Trends in sockeye catches going offshore were transect-specific.
Distributions of CPUE by station are shown for each transect in Figures
31 through 34. The distribution of catches at the Uugashik transect
(Figure 31) was influenced heavily in Cruise 4a (June 16 to July 7) by
| arge catches at Station 1 (10 nm of fshore) on both June 19 and 20
(1,168 and 1,503, respectively). Cruise 4b (July 8 to 28) catches were
relatively evenly distributed offshore. (Recall that Station 3 does not
exi st at the uUgashik transect.) Trends in abundance offshore were
reveal ed somewhat nore clearly at the Port Heiden transect (Figure 32).
A definite shoreward bias was described by catches in both cruises;
however, the Cruise 4a data were also influenced heavily by a single
| arge catch of sone 1,467 juveniles at Station 2 (5 nmoffshore). W
failed to catch any juvenile sockeye in five sets at Station O on three
separate visits to the Port Heiden transect.

Trends in catches at the outer transects (Port Moller and Izembek)
were less clearly described than at inner transects (Figures 33 and 34).
Cruise 4a catches at Port Moller inplied a roughly uniformdistribution
of sockeye to the offshore limt of the transect, whereas Cruise 4b
catches, although greatly reduced in size, were clustered about Station
1 (Figure 33). This general offshore distribution of juveniles at Port
Moller contrasted with the strong onshore bias shown at Port Hei den
during the sanme period. Consistently small catches at Izembek Lagoon
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suggested a lowdensity, patchy distribution of sockeye centered some
di stance of fshore, perhaps outside the transect boundary. W interpret
these data to confirm a general offshore novenent of sockeye juveniles
in the outer bay as proposed by Straty (1974).

Sanpl e mean |lengths of juvenile sockeye in purse seine catches
di spl ayed no remarkabl e trends over time or space other than a trend
toward increasing nean length with distance down-bay (Figures 35 through
38). Mean lengths in sanples taken at Ugashik and Port Heiden generally
fell between 90 and 110 nm while mean |engths of sanples taken at Port
Moller and Izembek Lagoon fell between about 100 and 130 mm The
hypot hesis that juvenile sockeye progressively nove offshore with
increasing size is not strongly supported by these data (Figures 35
t hrough 38).

4.3.3.2 Chum Sal non

Juvenile chum sal non showed pronounced seasonal and spatial distri-
butions patterns in 1985 (Figure 39). Chum sal non were taken nowhere
outside, and only intertidally inside,the Port Moller estuary in Cruise

4a (June 16 to July 7), but they were present in all gear at all |oca-
tions in Cruise 4b (July 8 to 29). Chum abundance declined frominner
Bay to outer Bay transects (Table 20). The density of juvenile chuns

evi denced by catches at Port Moller enphasi zes the inportance of this
estuary as a nursery for local stocks

A tenporal shift in habitat use which has been docunented el sewhere
for juvenile chum (Bax, et al. 1980; Simenstad, et al. 1982) i s clearly
di spl ayed in Figure 39. The rel ationship between beach seine CPUE and
small seine CPUE in the first and second survey periods at Port Moller
suggested a size-dependent novenent of chumfry out of intertidal habi-
tats. However, variability in our size data for juvenile chum nasked
significant differences in nmean size of fish in beach seine and snall
sei ne sanpl es.
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TABLE 20

SUMVARY OF JUVEN LE NON- SOCCKEYE SALMON CPUE BY GEAR TYPE AND PERI OD AT EACH TRANSECT

CRUISE 4a CRUISE 4b

(June 16- July 7) (July 8- 28)
PURSE SVALL BEACH PURSE SMALL BEACH GEAR
SPECIES  TRANSECT  SEI NE SEI NE SEI NE SEI NE SEI NE SEI NE POOLED
COHO  UGASHIK 7 0.0 0.0 2.9 0.0 0.0 0.6
PT. HEIDEN 0.3 0.0 0.0 6.0 0.0 0.s 1.2
PT. MOLLER 3.4 2.7 4.6 2.2 2.0 0.7 2.6
IZEMBEK 0.0 0.0 0.0 0.7 2.3 35 1.1
'—-l
1t CHUM  UGASHIK 0.0 42 6.5 2 3 3 3
PT. HEIDEN 0.0 0.0 5.8 16. 7 0.8 2.9
PT. MOLLER 0.0 0.3 043. 5 0.0 47.9 26.5 153,
IZEMBEK 0.0 0.8 6.2 73.0 20. 0
PINK  UGASHIK 0.0 0.6 0.0 0.0 0.2
PT. HEIDEN 0.0 0.0 0.0 0.0 0.0 0.0
PT. MOLLER 0.0 0.0 179.1 0.3 12.9 3.8 32.7
IZEMBEK 0.0 0.0 0.0 0.0 0.0
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The appearance of juvenile chumin large and small seine catches at
all locations late in the survey (Cruise 4b) nmarked a directed mgration
of juveniles to estuarine habitats and the nearshore neritic zone.
Chum were distributed essentially within 5 nm of shore, as only 0.6 per-
cent of all chumtaken in the large purse seine were captured farther
of fshore. Juvenile chum had by this time becone conparable in body size
to the 2- and 3-year old juvenile sockeye taken coincidentally wth
them Because the purse seine CPUE of chum was increasing at the end

of sampling activities, we conclude that the offshore novenment of juve-
niles was inconpletely docunented during the survey period

4,.3.3.3 Coho Sal nobn

The pattern of catches of juvenile coho salnmon by all gear
suggests that they were not present in estuarine habitats of Ugashik Bay
or Port Heiden, but did use such habitats inside Port Moller and Izembek
Lagoon. Further, their distribution offshore was strongly biased shore-
ward and was tenporally variable.

Juvenile coho were uniformy distributed in relatively [ow abun-
dance between estuarine and very nearshore intertidal and subtidal habi-
tats over the 1985 survey peri od. Over 70 percent of all coho were
taken within 3.5 nm of shore, and none was caught offshore of 5.0 nm
Mean CPUE for juvenile coho was 1.9, 1.6, and 1.6 fish\set for the large
seine, small seine, and beach seine, respectively. O the total catch
of coho by all gear , about 11 percent was taken at Ugashik, 22 percent

at Port Heiden, 47 percent at Port Moller, and 20 percent at Izembek
Lagoon (Table 20).

Wth the exception of the Port Moller transect, catches generally
increased with tinme at all transects with all gear (Figure 40).
Juvenile coho were virtually absent inside Ugashik Bay and Port Hei den
at all times. The increase in purse seine CPUE over tinme at these tran-
sects probably reflected the arrival of juveniles from inner Bristol Bay
rivers. The stability of catches over time in and near Port Moller
inplies that juvenile coho remain in this estuary for extended periods
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Catches of coho at the Port Moller transect suggest a trend of
nmovenent out of intertidal habitats with tine. Hi ghest mean CPUE was
obtained in the beach seine in Cruise 4a, but this trend reversed in
Cruise 4b with larger catches in the small and | arge purse seine.
Movement of fshore probably is a size-dependent rather than a time-
dependent process. The nmean wei ght of coho taken in beach seine sets
was significantly lower than that for coho taken in the small seine or
purse seine (17.4 grans vs 49.8 and 55.5, respectively; P <. 001), indi-
cating that coho obtained additional growth inside Port Moller before
noving to the open coastline. W interpret these data to confirmthe
suggestion that Port Moller serves an inportant function as a secondary
rearing area for juvenile coho.

4.3.3.4 Chinook Sal non

The six juvenile chinook salnmon caught in 1985 were equally distri-
buted between each of the three gear types. Four of the six individuals
were taken from mid- to late July inside or near the mouth of Ugashik
Bay, to which a sizeable run of adult chinook returns annually. The
ot her fish were taken by purse seine off Port Moller on June 16 and by
beach seine inside Port Heiden on July 25

Straty (NMFS, Juneau, personal communication 1986) suggests that
poor catches of juvenile chinook in the study area may not accurately
depict the relative nunbers of this species in the study area. Studies
i n sout heast Al aska have found that juvenile chinook tend to nigrate
earlier and travel in deeper water than do juveniles of other species.
Therefore, juvenile chinook may have been out of the study area before
sanpling began or in deeper water inaccessible to the purse seines

4.3.3.5 Pink Sal non

Juvenile pink salnon were not widely distributed in the study area
during the 1985 survey period (Table 20). No pink juveniles were taken
at any transect other than Port Moller, except for several taken in the

| arge purse seine on the last 2 days of sanpling at Ugashik (Figure
41).
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Wthin the Port Moller estuary, the pattern of habitat use by pink
sal mon was very simlar to that of chum sal non. Figure 41 traces a
shift away fromintertidal habitats in Cruise 4a to open-water estuarine
and offshore habitats in Cruise 4b. A conplete image of the ultimte

nmovenent of pinks to the open water probably was truncated by cessation
of the survey.

The abundance of pink fry should have been relatively high in 1985
after the even-year adult return to Bristol Bay rivers in 1984. Cur
failure to find evidence of themin bays and estuaries or near shore
t hroughout the survey indicates that |ocal production of pink salnmn in
the study area is negligible outside of Port Moller. The abundance of
pi nks offshore is not accurately depicted by 1985 purse seine catches
because sanmpling was terminated before the bulk of juveniles mgrating
from Bristol Bay spawning grounds could have reached the study area

4.3.3.6 Sockeye Sal non Scale Pattern Anal ysis

Anal ysis of scales collected in 1985 from juvenile sockeye captured
at Ugashi k and Port Heiden produced poor estimates of the stock com
position. Gowh patterns in scales of Ugashik, Naknek, and Wbod River
sockeye were virtually indistinguishable, whereas those in scales of
Egegi k and Kvichak sockeye were distinct fromthe other stocks. Severa
techniques enployed to enhance the 1low intrinsic separability of
Ugashi k, Naknek, and Wod River scales are described in detail below

A total of 1,415 scales fromjuvenile sockeye sal nbn was exam ned
for the scale pattern analysis. Training sanples (hereafter called
“standards”) from each of the five river systens in the analysis
totalled 989 scales, and the renmaining 426 scales were of unknown origin
(hereafter called “unknowns”) sanpled at the Ugashik and Port Heiden
transects between June 19 and July 28. Ei ghteen of the unknowns were
determi ned to be unreadabl e and were excl uded. Age anal ysis of the
renmai ni ng scales revealed that over 78 percent of captured sockeye were
age | and less than 22 percent were age Il mgrants. Sanple size con-
siderations consequently limted the scale pattern analysis to age |
scal es.

145



Location and date of capture of unknown sanples are summarized in
Tabl e 21. Sanpl e sizes generally were snall owing to the post hoc
nature of the scale study. Sanples of unknowns were pooled to transect
level to obtain adequate sanple sizes for each location. Somre sanpl es
t aken on adjacent dates, such as on June 19 to 20 and on July 27 to 28,
were pooled for the same reason.

Standard sanples were assenbled from scales collected by ADF&G dur-
i ng smolt enuneration projects on each of the major Bristol Bay river
systens in 1985. Approximately 200 scal es were subsampled fromall tinme
segments of the snelt outmigration at each river systemin proportion to
snelt abundance during the time period in which scales had been coll ected.

A total of 11 scale features was defined from sunmary scale
nmeasurement data and 3 nore were added by transformation (Table 22).
However, scale characters beyond the first freshwater annulus were not
permitted to enter the analysis, because the inability to distinguish
|l acustrine “plus growh” fromearly ocean growth on the scal es woul d
bias the classification of unknowns. Sunmarized scale neasurenent data
for each standard and the unknown sanmples were submitted to a stepw se
linear discriminant function (LOF) analysis (BMDP7M) for initial

screening and estimation of classification accuracies.

Initial runs of the discriminant anal ysis included all standards
and unknowns, no assignment of prior probabilities, and unconstrained
stepping through the scale character set. Results of these runs pro-
vided a first assessnent of the set of significant scale characters and
estimates of classification accuracy of the discrimnant function wth

i nclusion of each variable.

The classification matrix for a five-class discrimnant function
under conditions as stated above showed weak recognition of Ugashik,
Naknek, and Whod Ri ver stocks, and strong recognition of Egegik and
Kvi chak stocks (Table 23). Frequency distributions of the two npst
significant allowable scale characters illustrated the reasons for poor
classification accuracy in the five-class analysis (Figure 42).

146



LOCATI ON AND DATE OF CAPTURE
OF SCALES I N UNKNOAN SAMPLES

TABLE 21

Sampl e Date Locat ion Nunber
6/ 19- 20 Ugashik 9
6/ 22 Port Heiden 42
7/ 8 Port Heiden 38
7/ 12 Ugashik 39
7/ 14 Ugashik 45
7/17 Port Heiden 72
71 2S Port Heiden 47
7/ 27-20 Ugashik 17
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TABLE 22

LI ST oF SCALE CHARACTERS SUBM TTED TO
STEPW SE DISCRIMINANT FUNCTI ON ANALYSIS

VARI ABLE CODE VARI ABLE DESCRI PTI ON
NCIRC 3 TOTAL NUVBER OF CIRCULI
I NRAD 4 SIZE OF SCALE FOCUS
AFWCRC 5 NUMBER OF CIRCULI |IN FRESHWATER ZONE 1
AFWSZ 6 SIZE OF FRESHWATER ZONE 1
TRI PA 7 DI STANCE FROM 1ST TO 4TH CIRCULUS
TRIPB 8 DI STANCE FROM 4TH TO 7TH CIRCULUS
TR PC 9 DI STANCE FROM 7TH TO 10TH CIRCULUS
TRl PD 10 DI STANCE FROM 10TH TO 13TH CIRCULUS
TRI PE 11 DI STANCE FROM 13TH TO 16TH CIRCULUS
PLCRC 12 NUMBER OF PLUS GROMH CIRCULI

PLSZ 13 SIZE OF PLUS GROMH ZONE

ADDED BY TRANSFORMATI ON:

TOTSZ 14 TOTAL SIZE OF SCALE
PRESD 1s PRESENCE OR ABSENCE OF TRIPD
PRESE 16 PRESENCE OR ABSENCE OF TRIPE
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TABLE 23

CLASSI FI CATI ON MATRI X FOR A 5- CLASS DISCRIMINANT FUNCTI ON W TH
NO PRI OR PROBABILITIES AND STEPPING LIMTED BY M N MUM F-TO ENTER CRI TERI A

PERCENT NUVMBER OF DECI SI ONS
CORRECT
GROUP D Ecl si oNs UGASHIK EGEGIK NAKNEK KVl CHAK  WOOD RI VER

UGASH | K 55.5 111 10 26 26 27
EGEGIK 73.6 35 148 7 0 11
NAKNEK 55.3 22 16 110 17 34
KVI CHAK 63.1 12 1 9 157 10
WOOD RIVER 55.2 30 10 25 25 111

MEAN 64.3
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Conpari sons of circulus nunber and total size of the freshwater scale
grow h zone clearly showed broad overlap in the distributions of Ugashik,
Naknek, and Wbod River standards, while those of Egegi k and Kvi chak
standards were somewhat displaced fromthe others. Not e that these
scal e characters displayed the highest degree of stock-specificity of
all characters in the data set.

Alternative classification schemes were devised to enhance the
mninmal differences between scale patterns. For example, a set of prior
probabilities of stock assignment was inposed on the classification of
unknowns based on the relative abundances of age | snelts contributed by
each stock to the bay-wide snelt migration in 1985. However, since this
procedure failed to significantly inprove overall classification accur-
acy and carried the inplicit, probably unrealistic? assunption that
juveniles of all stocks were equally vulnerable to capture at all tines,
assignment of prior probabilities was dropped from subsequent analyses

Anot her approach taken to mtigate the effect of poor separability
of Ugashik, Naknek, and Wod River stocks was sinmply to exclude one or
more of these standards from the classification of unknowns. W
assurmed, based on smelt outmigration timing and distance to the study
area, that Wod River sockeye were not in the vicinity of Ugashik or
Port Heiden on the first sanpling dates at those transects and, further,
that Ugashik fish likely had mgrated out of the area by the second and
subsequent visits. Accordingly, the Wod R ver standard was excl uded
fromthe classification of unknowns sanpled on June 19 to 20 at Ugashik
and on June 22 at Port Heiden, and the Ugashik standard was excl uded
from the classification of unknowns sanpled thereafter (Table 24).

Separate linear discrimnant functions were devel oped for the
classification schenes described above. The results of stepw se
vari able selection indicated that a single scale character (nunber of
lacustrine circuli) provided maxi mum accuracy in classification of
unknowns sanpled on June 19 to 20 and June 22 (Wod River excluded),
whereas a set of 5 characters was warranted in the classification of
remai ni ng unknown sanpl es (ugashik excl uded). Overal | classification
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TABLE 24

CORRECTED ESTI MATES (+/- 80% CONFI DENCE LIM T) OF PERCENTAGES OF
EACH STOCK PRESENT | N SAMPLES COLLECTED AT uUGASHIK AND PORT HEl DEN

2st

STOCK
DATE TRANSECT UGASHIK EGEG K NAKNEK KVICHAK WOOD R VER
6/ 19-20 UGASHIK Z 0.0 0.0 100.0 0.0 N A
n =9 +/- 419.0 82.9 759.0 258.0 -
6/ 22 PT. HEIDEN z 13.8 0.0 0.0 86. 2 N A
n = 42 +/- 91.6 18. 3 162. 2 55.6 -
71 % PT. HEIDEN zZ N A 0.0 0.0 42. 3 57.6
n = 38 +/- --- 7.4 72.3 33.2 $3.9
7/12 UGASHIK z N A 0.0 100*O 0.0 0.0
n = 39 +/= --- 16. 7 95. 6 37. 4 60. 7
7/ 14 UGASH | K z N A 1.3 78.1 7.4 13.2
n = 45 +/= --- 16.5 03.0 32.2 55.0
7117 PT. HEIDEN Z N A 0.0 95.2 4.8 0.0
n=74 +/= --- 10.6 78. 3 31.0 49. 8
7725 PT. HEI DEN Z N A 0.0 65.1 27.4 7.5
n = 47 +/= --- 13.8 83.5 35.1 52.3
7/127-28 UGASH | K z N A 9.5 20.1 54.1 16. 3

n = 17 + /- --- 23.9 103.0 49. 5 65.9




accuracy for the Wod River-excluded LDF was 60.3 percent, and that for
t he Ugashik-excluded LDF was 64.3 percent.

The nmatrix correction procedure given in Cook (1982) was used to
adjust estimates of proportions of each stock present in unknown sanples
to account for misclassification error. Resulting corrected estimnates
(+ 80 percent confidence limt) of stock m xing proportions are sum
mari zed for the classification of unknown sanples in Table 24 and are
expanded in Table 25 to estimates of relative numbers of each stock pre-
sent in total transect catches. These results indicate that Naknek
stock predominated in virtually all juvenile sockeye catches at Ugashik
and Port Heiden in both Cruise 4a and 4b. G ven the broad confidence
intervals about the proportional estimates, there is little point in
carrying the discussion further. It is noteworthy, however, that the
absence of Ugashik and Egegik sockeye from npbst sanples is consistent
with results obtained when a migration rate of 1 b.l./sec. was applied
to the tine and distance of migration fromrivers of origin.

To summarize, the simlarity of scale growh patterns for three of
the five major Bristol Bay stocks precluded successful stock iden-
tification in sanples of sockeye salnmon juveniles captured at the
Ugashi k and Port Heiden transects using scale patterns and a |inear
discrimnant function analysis. Plots of the frequency distributions of
significant scale neasurements reveal ed substantial overlap in those for
Ugashik, Naknek, and Wod River stocks, while those for Egegi k and
Kvi chak stocks were somewhat displaced. Resul ts suggest that Naknek
sockeye juveniles predom nated in catches throughout the survey period,
but the precision of estimates of stock mixing proportions permts no
reliable conclusions. It should be noted that the 1985 smelts from Wod
Ri ver were unusually large (second |argest since 1954) for that system
In nost years, the typically small Wod River snelts probably could be
separated from the other systems by scale measurements.

153



1 4°R8

TABLE 25

ESTI MATED NUMBERS OF SOCKEYE OF EACH BRI STOL BAY STOCK
I N CATCHES AT uveasHIK AND PORT HElI DEN DURI NG CRU SE 4

STOCK
DATE TRANSECT CATCH UGASHIK EGEGIK NAKNEK KVICHAK WOOD RIVER
6/19-20 UGASHIK 3182 0 0 3182 0 0
6/22 PT. HEIDEN 2101 290 0 0 1811 0
718 PT. HEIDEN 260 0 0 0 110 150
7112 UGASHIK 1145 0 0 1145 0 0
7114 UGASH | K 268 0 4 209 20 35
7117 PT. HEIDEN 317 0 0 302 15 0
7125 PT. HElI DEN 163 0 0 106 45 12
7/27-20 UGASHI K 283 0 27 57 153 46
TOTAL 7719 290 31 5001 2154 243




4.3.4 Discussion of 1985 Juvenile Salmonid Catches

The obvi ous problemin assigning some significance to the juvenile
sal mon catch data is in determning how much of an observed trend is
real and how nuch is the product of sampling error. W assuned that the
maj or source of variability in catches would be the spatial and tenpora
differences in the density of juvenile salmn encountering the purse
seine -in other words, real trends. However, we assumed as well that
other factors related to the distributional characteristics of out-
mgrants could also influence the probability of their encountering the
net. We tested specifically for variability in catch due to direction
of set, tide stage, and schooling of juvenile sockeye.

The strong directional conponent of the sockeye migration was
clearly displayed in conparisons of catches from back-to-back purse
seine sets at several stations. Catches in sets facing toward inner
Bristol Bay consistently were higher than conpanion sets facing outward
irrespective of tide stage (Figure 43). It is clear, therefore, that
the direction of set nust be taken into consideration when catches are
conmpared between |ocations, dates, or years

W also found evidence that tide stage may secondarily affect the
number of fish caught. Sockeye catches from paired experimental sets
faci ng down-bay at Port Moller on June 26 were significantly smaller
during the flood than during the ebb (Table 26). Paired experimental
sets facing up-bay at Port Moller on July 23 also revealed the presence
of substantial nunbers of juvenile sockeye offshore on the ebb and an
absence of fish offshore during the flood. Paired catches at the |less
affected inshore Station 3 (n-m isobath) were nearly identical
Simlar but |ess persuasive evidence was obtained from paired sets
facing up-bay at Port Heiden 2 days later.

This result implies that the direction of sockeye migration is not
altered by strong adverse currents, insofar as large nunbers of juve-
niles were not swept into sets facing into the flood tide. If sockeye
adj usted either the depth or distance offshore of their mgration path
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TABLE 26
SUMVARY OF catcHEs OF JUVENI LE SOCKEYE SALMON | N CRUI SE 4 EXPERI MENTAL PURSE SEI NE SETS

DI RECTI ON SET 1 TI DE SET 2 Tl DE
DATE TRANSECT  STATI ON CF SETS CATCH STAGE CATCH STAGE
6/ 26 PORT 3 DOVWN 29 EBB 5 H  SLACK
MOLLER 2 DOWN 1 EBB 1 FLOOD
1 DOWN 59 EBB 5 FLOOD
0 DOWN 0 FLOOD NO SET
7/ 23 PORT 3 uP 7 FLOOD 8 EBB
MOLLER 2 uP 0 FLOOD 1 EBB
1 uP 0 FLOOD 72 EBB
0 uP 0 FLOOD NO SET
71 2S PORT 3 uP 1 EBB 73 FLOOD
HEI DEN 2 UP 43 EBB 12 FLOOD
1 upP 20 EBB 14 FLOOD
0 uP 0 FLOOD NO SET
7127 UGASHIK 2 uP 62 EBB 04 H  SLACK
1 uP 24 EBB 17 EBB
Q uP 2 EBB 3 EBB
7128 UGASHIK 2 UP 31 EBB
2 uP 34 EBB
2 uP 18 EBB
2 uP 6 EBB
2 UP 2 EBB




to avoid the mainstream of adverse currents, then their differential
availability to the purse seine would be shown as differences in CPUE on
alternate tide stages. Note for conparison that paired sets facing
up-bay through a single ebb tide at ugashik on July 27 showed nearly
identical catch rates even though the sets were separated in time by

several hours.

A final series of purse seine sets was conducted at Ugashik on July
28 to establish the repeatability of catches with location and tide
stage fixed. Station 2 was sanpled five times at 1.5-hour intervals
begi nning at high sl ack tide. We have no satisfactory explanation for
the observed regular pattern of replacenment of sockeye in the catch by
juvenile chum sal non over the course of the experiment (Figure 44). The
fact that sockeye were replaced by juvenile chum which are typically
associated with intertidal habitats in the study area, suggests that
juveniles of both species were advected or actively noved of fshore with
an extremely strong ebb current characteristic of Ugashik Bay (e.g.

Straty 1975; S. Parker, University of Wshington, personal observation).

In view of these confounding effects in the catch data, the con-
sistency of observed trends is remarkable. For exanple, catches in
up- bay facing sets at the Ugashik transect were virtually identical on
June 19 and June 20 in terms of nunbers caught and their distribution
offshore. The sane pattern and nearly identical nunbers were observed 2
days later at Port Heiden. The correlation between Ugashik and Port
Heiden catches persisted through the survey period. Such | ow variabi-
lity in catch rates in such a dynanmic sanpling environnent suggests a
relatively cohesive migration through the inner Bay. We submit that
ti ne/space distributions of sockeye in inner Bristol Bay are accurately
descri bed by catches at Ugashi k and Port Hei den. However, the catch
data for Port Moller and Izembek Lagoon transects are extrapolated only
to the extent that they reflect a low fish density in the nearshore area

of outer Bristol Bay.
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Compari sons between the present results and those reported by
Straty (1974) and straty and Jaenicke (1980) are hanpered by differences
in sampling methods and survey design. As discussed in Section 4.2.7,
the nost obvious of these are the nuch larger vessel and net enployed in
the earlier survey, their longer duration of sets, differences in tran-
sect location and direction offshore, distribution of fishing effort in
the study area, and relative abundances of sockeye smelts in years of
t he surveys. In addition, differences in seasonal timng between years
also limt conparisons between the two survey prograns to a few genera-

[ities.

In the discussion below we do not conpare CPUE directly between
Straty and Jaenicke's data and the present study, but instead conpare
trends in the distribution of CPUE in the two studies at conparable
| ocations and dates. W have concentrated on the data for 1969 and 1970
because they are the nost conprehensive and systematic for the surveys
performed between 1966 and 1971. To facilitate conparisons between sta-
tion locations, those given in the raw data of Straty and Jaeni cke have
been stratified according to our survey design so that stations falling
wi thin the distance strata defined by our study have been numbered

according to our system (Table 27).

The distribution of CPUE reveals sone features of the 1969 sockeye
mgration that contrast with or contradict the results of the present
study, while others agree in principle. Trends in mean CPUE did not
show declines with distance toward the outer bay, nor were declines over
time simlar to those in the present study (Figures 45 through 47).
Mean transect CPUE at inner bay transects was relatively |ower in June
than in July, whereas peak mean CPUE occurred at Port Moller in June
Cat ches decreased substantially at all transects in August. The fact
that largest catches typically were recorded off Port Moller rather than
at inner Bay transects is in stark contrast to our results and is likely
a function of differences in tinmng between the two sanpling prograns.

160



TABLE 27

STATI ON DESI GNATI ONS USED I N GROUPI NG SAMPLI NG SI TES
OCCUPI ED BY STRATY AND JAENICKE

DI STANCE STAT 10N
OFFSHORE DESI GNATI ON
(nautical niles)
o - 3.5 3
3.6 - 7.5 2
7.6 - 12.5 1
12.6 - 17.5 0
17.6 - 22.5 00
22.6 - 40.0 000
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Trends in the distribution offshore were consistent with those in
t he present study. Results at Egegik are not included in this
di scussi on because of the lack of conparabl e data. However, the trend
in CPUE at stations on the Port Heiden transect showed a strong inshore
bias in June and July (Figure 46), consistent with present results.
Simlarly, catches at Port Moller reflected high sockeye abundances
within 15 nm of shore in June and became nore pronounced offshore in
July and August (Figure 47), consistent with our conclusions.

Results of sanpling at the Port Moller transect in 1970 are
inconclusive but tend to confirmthe trends described above (Figure 48).
Sockeye abundance was higher in June than in August, and the center of
distribution across the transect appeared to shift sonmewhat from
nearshore in June to nmore offshore in August.

4.4 GENERAL DISCUSSION OF JUVEN LE SALMONI D DI STRI BUTI ONS AND
MOVEMENTS

4.4.1 1984 - 1985 Conparisons

It is msleading to conpare the results of the 1984 and 1985 sur-
veys across years in terns of cal endar dates. G ven the vastly dif-
ferent climatic circunmstances involved, it is nore appropriate to view
Cruises 1 through 3 in 1984 as a summer-fall extension of the spring
1985 survey. Virtually all of Cruise 4 was conducted in water tem
peratures col der than those observed at the beginning of Cuise 1 (late
June) in 1984 (Figure 49). Since the biological processes governing the
initiation of spring fish mgrations are at least partially temperature-
dependent, it is necessary to consider climtic state when conparing
distribution trends.

The 1985 survey provided data to answer the main question raised by

consistently low CPUE in the 1984 survey. A hypothesis put forth in
Section 4.2.7 to explain our low catch rates in 1984 suggested that |ow

CPUE t hrough the sumrer and fall nonths could indicate that juvenile
salmonids did not extensively use nearshore habitats in the study area.
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Results from the 1985 survey conclusively show that juvenile salmonids
of all species reside in estuarine and nearshore neritic habitats, and
that sone species appear to be obligate nearshore residents during early
marine life history.

Qur original explanation (Section 4.2.7) for unexpectedly | ow CPUE
in 1984 purse seine sets was confirmed by catches in 1985. Based on
calculated juvenile mgration rates, it was concluded that purse seine
sampling in 1984 had mssed the peak of sockeye abundance in the study
zone. Bay-wi de migrations of juvenile sockeye in both 1984 and 1985
were dominated by snelts from the Ugashi k and Egegi k systems, which
skewed the tenporal patterns of peak abundance toward early migrations.
Sanpling began much earlier, in terms of spring climate, in 1985 rel a-
tive to 1984, and peak sockeye migratory activity was shown to occur at
water tenperatures nuch lower than those at the beginning of sanpling in
1984 (Figure 49).

4,.4.2. Conceptual Mbdel of Juvenile Sockeye M gration

Juvenil e sockeye salnmon are present in the NAS study area in
vari abl e numbers for a period of roughly 15 to 20 weeks, from|ate My
to at |east md-Septenber and perhaps Cctober (Straty 1974). The spa-
tial distribution of sockeye within this tinme frame is, of course, dyna-
mc since juveniles apparently are nmoving in a unidirectional mgration
frominner Bristol Bay toward the outer bay. Consequently, discussions
of particular features of the sockeye mgration are conplicated by the
need to define abundance distributions with respect to both tine and
space. Such conplex situations are sinplified by collapsing the spatial
domain to a fixed geographic reference point, which for conveni ence we
have set to Port Heiden.

The distribution of sockeye abundance in the study area reflects
the mxing of several mjor stocks in space and time. W assune that
three variables essentially control nmixing proportions and the resulting
tenporal distribution of sockéye abundance at the Port Heiden transect:
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1. Timng of smelt outmgrations (i.e., relative earliness or |ate-
ness within river systems, and the chronol ogical order of smolt

outmgration between river systens).

2. Relative abundance of snelts produced by each of the mgjor
river systens.

3. Travel time fromriver systemto the study area, which is a
function of distance traveled and migration rate (in turn, a

function of size) of juveniles.

These factors are examined in detail to determine their relative inpor-
tance and the effects of annual variability in noderating the distribu-
tion of juveniles at Port Heiden.

Timing of annual snelt migrations from Bristol Bay river systens
defines the initial day, or day O of the migration into the NAS study
ar ea. Annual variation in snmelt outmigration timing is docunmented by
ADP&G snelt enumeration reports to be correlated with spring climate to
the extent that cold springs delay mgration. Mgration timng of the
i ndi vidual stocks is segregated to varying degrees, but it is not clear
whether climatic variability affects the chronol ogical order and tem
poral segregation of snmelt mgrations. The degree of variation in
timng of snelt migrations between years was quantified by cal culating
the migratory tine densities (Mundy 1979) for each major river system
usi ng data for 1982-85. This set of years includes two “cold”
(1982, 1985) and two “warni (1983, 1984) springs (Figure 16). Data for
Ugashik and the Nuyakuk portion of the Nushagak migrations were not
collected in 1982.

Anal ysis of migratory timing revealed that the central date of
mgration within stocks varies with climatic conditions over a period of
1 to 3 weeks, but the chronol ogical sequence and tenporal segregation of
stock migrations are resistant to climatic variability. Mgrations are
earlier in warmyears than in cold years for all stocks (Table 28).
Egegi k smelts generally migrate first, followed by Kvichak in nost
years, then Ugashik, Naknek, WNuyakuk, and Wod River snelts in order.
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TABLE 28

CENTRAL DATES OF SOCKEYE SMOLT M GRATIONS FROM BRI STOL BAY RIVER SYSTEMS

YEAR KV | CHAK  WOOD NAKNEK EGEG K UGASHI K NUYAKUK
1982 6/ 2 719 6/ 14 6/5 --- ——
1983 5/ 20 6/ 27 6/8 5/ 26 6/ 3 6/11
1984 5/ 28 6/ 22 6/ 7 5/ 27 5/ 31 6/ 4
1985 6/11 7/1 6/ 10 5/ 29 6/5 6/11
MEAN 6/ 2 6/ 30 6/ 10 5/ 30 6/ 3 6/ 9
SD (days) 6.6 7.2 3.1 4.5 2.5 4.0




Variability in earliest to latest central dates of migration gener-
ally is less for systens along the east side of Bristol Bay. The
central date of Kvichak smelt mgration spanned 14 days from May 28 in
the warmyears to June 11 in the cold spring of 1985 (Figure 17). This
is a representative range of peak mgration timng for Kvichak snelts.
The m dpoint of Wod River smelt migrations is the nost variable,
rangi ng over a 19-day period fromJune 22 in 1984 to July 9 in 1982
(Figure 18). This is probably typical of multi-lake systenms in which
the central date of migration may be influenced as nuch by differentia
timng and productivity of nursery |ake substocks as by climtic fac-
tors.

Despite interannual variability in central dates of mgration,
variability in tenmporal spacing between snelt migrations is remarkably
low for all stock combinations except those involving the Kvichak stock
(Tabl e 29). For exanple, tenporal separation in central dates of the
Egegi k and Naknek snelt migrations for 1982-1985 was on average 11.8
days and varied by only + 2.4 days (95 percent confidence limt) for
cold and warm years combined. The Egegik migration preceded the Kvichak
mgration by an average of 3.3 days, but the segregation in timng of
these snmelt runs was not clear. In general, however, the sequence of
smelt enmigrations fromthe major river systems of Bristol Bay exhibits a
rather precise linkage in order and relative timng regardless of clinma-
tic conditions.

Aside fromthe earliness or lateness of snelt migrations in a given
year, the tine of greatest sockeye abundance off Port Heiden is deter-
mned by the tinme and distance fromthe study area at which the |argest
concentrations of smelts enter saltwater. At the present time, snelt
production from each of the major Bristol Bay river systems is routinely
estimated by ADF&G from acoustic counters deployed during outmgration
at the outlets of the nursery lakes. Although the Kvichak stock has the
| argest capacity for smelt production and typically provides the bulk of
all smelts entering Bristol Bay, production is variable over two orders
of magnitude from about 250,000 (1966) to nearly 250 nillion (1978).

171



ZLT

TABLE 29

MEAN SEPARATI ON | N DAYS BETWEEN CENTRAL DATES OF M GRATI ON
FOR BRI STOL BAY SOCKEYE smoLTs, 1982-1985

( sTANDARD DEVIATIONS | NDicATED IN par ent heses)

KV | CHAK WOOD NAKNEK EGEGIK  UGASHIK  NUYAKUK
KVICHAK 0.0 25.8 7.0 3.3 1.0 7.0
(4.3) (5.5) (6.8) (5.1) (5.7)

WOOD 0.0 -18.8 -30.5 -24.8 _18.8
(2.6) (3.1) (2.2) (2.2)
NAKNEK 0.0 -11.8 -6.0 0.5
(1.0) (1.2) (2.5)
EGEGIK 0.0 5.5 11. 8
(2.4) (3.5)
UGASH | K 0.0 6.0
(1.6)
NUYAKUK 0.0




In both 1984 and 1985 the contributions of snelts fromthe Egegik
and Ugashi k systens predominated in the bay-wide snelt mgration. The
Rvichak system produced the ngjority of snelts in 1983. It is apparent
from Tabl e 29 that the Kvichak, Egegi k, and Ugashik migrations are
separated in time by only a few days, but they are separated in space by
over 200 km The effect of this distance in nodifying the temporal pat-
tern of abundance off Port Heiden is denonstrated in Figure 50, wherein
Bristol Bay smelt migrations in 1983 and 198 4 have been projected to
their time of arrival at Port Heiden based on a fixed migration rate of
10 knmiday. The early peak in 1984 represents the passage of Egegi k and
Ugashi k sockeye, while the late peak in 1983 nmarks the passage of
Kvichak fish. Dates of peak juvenile sockeye abundance off Port Heiden

in these projections varied by about 2 weeks.

Under fixed conditions of tine and |ocation of departure, the arri-
val of Bristol Bay stocks of sockeye off Port Heiden is influenced al so
by the migration rate of juveniles. Figure 51 illustrates the differ-
.ence in tenporal distributions of juvenile sockeye off Port Heiden in
1982 predicted by varying migration rate from 10 kmday for all stocks
to 1 b.l./sec. for individual stocks. Peak abundance of the Kvichak
stock is displaced about 3 weeks later if 1 b.,l./sec.is used to cal cu-
late migration rate. Tim ng of the Egegi k and Naknek stocks at Port
Hei den woul d not change nuch in the sinulations because 10 km/day is
roughly equivalent to a mgration rate of 1 b.l./sec.for a 115 nm juve-

nile, which is near the nean length of snelts leaving these rivers in
1982.

Aver age smolt lengths tend to be strongly stock-specific and my
differ by up to 30 nm between stocks, but variation in nean snmelt length
within a stock probably sel dom exceeds 10 nm (Fi gure 24). Size dif-
ferences of afew millineters would have relatively little effect on
travel tine to Port Heiden if swinmmng speed is a constant function of
body I ength (Table 30). However, K minor differences in swi nmming speeds
could cause significant changes in migration rate and travel tines.
Note that a 90-mmsnelt swimming at 1.5 b.1l./sec. i s the equivalent of a

135-MM snelt swinming at 1 b.l./sec. Since sockeye snelts can travel at
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TABLE 30

CALCULATED TRAVEL TIMES OF JUVEN LE SOCKEYE
TO PORT HEIDEN FROM RIVERS OF ORIG N
BASED ON A SW MM NG SPEED OF ONE BODY LENGTH PER SECOND

LENGTH M GRATI ON TRAVEL TIME TO PORT HEIDEN (DAYS)
(CM RATE (KM D) KVICHAK WOOD NAKNEK ECEGI K UGASHIK
6.5 5.6 50 52 45 27 16
7.0 6.0 54 48 42 25 15
7.5 6.5 50 45 38 23 14
0.0 6.9 a7 42 36 22 13
8.5 7.3 45 40 34 21 12
9.0 7.8 42 37 32 19 12
9.5 0.2 40 35 30 18 11

10.0 8.6 38 34 29 17 10

10.5 9.1 36 32 27 16 10

11.0 9*5 34 31 26 16 9

11.5 9*9 33 29 25 15 9

12.0 10. 4 31 28 24 14 9

12.5 10.8 30 27 23 14 8

13.0 11.2 29 26 22 13 8

13.s 11.7 28 25 21 13 8

14.0 12.1 27 24 21 12 7

14.5 12.s 26 23 20 12 7

15.0 13.0 25 22 19 11 7

15.5 13.4 24 22 19 11 7

16.0 13.8 24 21 18 10 7

16.5 14. 3 23 20 17 10 6

17.0 14. 7 22z 20 17 10 6

17.5 15.1 22 19 17 10 6

1s.0 15.6 21 19 16 9 6

18.5 16.0 21 18 16 9 6

19.0 16. 4 20 i8 15 9 6

19*5 16. 9 20 17 15 9 5

20.0 17.3 19 17 14 9 5

50.0 43.0 8 7 6 3 2
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sustained rates of 1 to 2 b.1l./sec. (Hoar and Randall 1978), it is

easily conceivable that variability in sw nmng speeds could differen-
tially influence mgration rates of Bristol Bay stocks.

Mgration swiming speeds have not been nmeasured directly for
Bristol Bay juvenile sockeye, but available evidence suggests that 1
b.l./sec. is a likely val ue. Smelt marking experinments reported by
Straty (1974) have been summarized in Figure 19 and Table 31. Means of
mgration rate estinmates calculated for pooled stocks by year and for
pool ed years by stock converge to a grand mean of 9.6 knfday, which is
very close to 1 b.1./sec. for a juvenile of average Bristol Bay size.
Since swinm ng speed can be influenced by water tenperature (Brett, et
al. 1958), mgration rates nmay be lower in cold years than in warm
years.

Ot her sources al so support an average migration rate of 1 b.,1l./sec,
for juvenile sockeye. Bax (1985) showed by regression analysis of
mgration rate on fish length that Straty's (1974) mark/recapture data
are best fit by a line representing a nmean swi mrng speed of 0.9
b.1l./sec. The precision of the relationship was such that there is no
statistical distinction between 0.9 and 1 b.l./sec. Estimates cal cu-
lated fromdata given in Hartt (1980) for tagged juvenile Fraser River
and Skeena sockeye indicate a range in observed swi mm ng speeds of
0.7 to 1.7 b.l./sec.and 0.7 to 1.9 b.l./sec., respectively. It is
noteworthy that these estimates obtain even though Fraser and Skeena
sockeye migrate north with a favorable current (Hartt 1980) whereas
Bristol Bay sockeye migrate southwest against an adverse net current.

To summarize thus far, analysis of factors presumed to affect the
timng of juvenile sockeye novenents in the eastern Bering Sea suggests
that initiation of smelt migration is variable within a stock over a 1-
to 3-week period, depending on spring tenperatures. Al aska Peninsul a
stocks tend to migrate earliest and show least variation in central date
of mgration, while Wod River sockeye mgrate |atest and show great est
variation in timng. The order and tenporal segregation of stock mgra-
tions are largely independent of climatic variability. Wiile first pre-
sence of juveniles at Port Heiden is largely a function of the timng of
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TABLE 31

SUMMARY OF MEAN M GRATI ON RATE ESTI MATES (KM DAY) FOR
SOCKEYE SALMON SMOLTS MARKED BY STRATY AND JAENI CKE | N STUDI ES, 1967-70

8LT

ALL
YEAR WOOD KVI CHAK NAKNEK UGASH | K STOCKS

1967 MEAN 9.8 3.8 5.3

ST. DEV. 0.0 1.1 3.1

RECOVERI ES N/ A 1.0 N A 3*0 4.0

1969 MEAN 6.5 4.6 6.4

ST. DEV. 1.8 1.1 2.7

RECOVERI ES 28.0 N/A 9.0 N A 37.0

1970 VEAN 3.9 6.2 5.0

ST. DEV. 0.4 5.1 3.7

RECOVERI ES 6.0 N A N A 6.0 12.0

ALL STOCKS 6.0

YEARS MEAN 6.1 9.8 4.6 5.4 5.8
POOLED ST. DEV. 2.0 0.0 1.1 4.3
RECOVERIES 34.0 1.0 9.0 9.0




Egegi k and Ugashik smelt migrations because they are the earliest and
cl osest systens, the center of the tenporal distribution of sockeye
abundance is determned by the timng of the system providing the
| argest nunber of snelts to the bay-wide migration in any year. Peak
abundance at Port Heiden will occur within 1 to 2 weeks of the Egegik or
Ugashik migrations if these systens produce the mpjority of snelts,
wher eas peak abundance could be as late as md-August if Wod River pro-
duces the mpjority. Mgration rates probably vary little w thin stocks
but considerably between stocks if swi nmmng speed is assuned to be
approxi mately constant and proportional to body |ength. However, rela-
tively snall differences in swinmng speed could profoundly alter the
timng of stocks off Port’'Heiden. Available evidence uniformy suggests
that 1 b.1./sec.is a nost |ikely sw nmng speed for Bristol Bay juve-
nile sockeye in the nearshore areas of the eastern Bering Sea.

443 O fshore Distribution

One of the nore intriguing unanswered questions about the distribu-
tion of juvenile sockeye concerns the pattern of offshore dispersion at
various times and |ocations in the study area. While the results of
this study, combined with those reported variously by Straty (1974,
1975, 1981), form a reasonably coherent description of the juvenile
sockeye migration, information supporting a predictive nodel of mgra-
tion patterns within the nearshore zone is alnost totally lacking. The
follow ng section reviews enpirical data on, and proposed expl anations
for, sockeye distributions in the study area.

The first problem in assessing distributional trends is to identify
whet her changes in CPUE relate to changes in absolute abundance or in
distribution. The tine series of sockeye purse seine CPUE at Ugashik in
1985 (Figure 28) shows dinminishing sockeye densities over tinme that
coul d have resulted either from declining absolute abundance in a fixed
mgration band, or from fixed abundance dispersing offshore with tinme.
The pattern of estinmated total daily juvenile sockeye abundance at
Ugashi k (Figure 30) indicates that reduced abundance probably accounts
for decreasing CPUE in this case.
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However, the pattern of dimnishing CPUE with distance down-bay
must have resulted froma changed offshore distribution, rather than
| ower abundance. Reduced catches at the Port Moller and |zenbek Lagoon
transects could indicate either that sockeye indexed at inner bay tran-
sects had dispersed uniformy in |lower density across and outside the
sanpling area, or that the center of density of the migration had noved
beyond the of fshore extent of sanpling in 1985. The latter argument is
supported by the results of Straty (1974).

The generalized nmigration corridor depicted by Straty (1974) and
nmore or less confirmed in the present study suggests that the migration
of juvenile sockeye is essentially coastal within inner Bristol Bay and
becomes nore offshore with distance down-bay. Evi dence from both stu-
di es describes a migration path conpressed to within 10 nm of shore as
far west as Port Heiden. Data from Straty's (1974) study indicates that

the center of the migration thereafter is found 20 to 40 nm of fshore.

None of the studies on juvenile salmonid nmigrations in the eastern
Bering Sea has adequately considered an explanation for observed pat-
terns of offshore distribution. Di scussion of factors controlling the
i nshore\of fshore distribution of sockeye necessarily is nore qualitative
than that relating to timng because nechanisns of dispersal have yet to
be positively identified and nmeasured. Although an innate navigational
sense undoubtedly provides the major directional conponent to sal nonid
m grations, second-order interactions with the biological and physical
environment likely alter nmigration patterns in time and space. Defining
the rol es and consequences of biotic and abiotic variables in nodifying
salmon migrations probably is the nost critical renmaining infornation
need in this study.

Ssome studies of juvenile salnon nmigrations suggest that biological
interactions with prey or predators drive dispersal behavior. Sinenstad
and Wssmar (University of Washington, personal communication) have
hypot hesi zed that the mgration of juvenile chum sal non through Hood
Canal , Washington reflects the novenent of chum through a succession of
foraging habitats. Their npdel suggests that growi ng chum nove seaward
in pursuit of larger prey species and higher prey densities found in
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neritic and offshore marine habitats. A similar mechani sm has been pro-

posed for juvenile pink salnmon novenents off Kanthatka (Andrievskaya
1970).

Straty (1974) and straty and Jaeni cke (1980) suggested that prey
distributions may have been responsible for luring juvenile sockeye
of fshore near Port Moller. Straty (1974) indicated that sockeye did not
feed within the inner Bay where the nmigration band tended to conpress
into coastal waters. Aggressive feeding on zooplankton was found to com
mence in the outer bay, where neasurably higher densities of prey in
offshore waters ( Straty and Jaenicke 1980) could account for the
of f shore novenent of sockeye.

O her studies suggest that the physical environnent may affect
mgration rates and routes. Bax (1982) denonstrated a correlation
between the nigration rate of juvenile chumthrough Hood Canal and
changes in residual surface outflow caused by changes in prevailing wnd
patterns. He concluded that juvenile chummigrations were |ess related
to biological (prey) dynamics than to physical (circulation) dynamcs.

G oot (in preparation) showed that the migration routes of juvenile
salmonids fromthe Fraser River are strongly affected by tidal stage at
entry into the Strait of Georgia. The general nigration pattern is
northward toward Johnstone Strait, but juveniles entering seawater on
flood tides migrate in a narrow band along the eastern (mainland B.C.)
shore, whereas those entering on ebbing tides are displaced as far west
as Vancouver |sland before beginning a northward traverse of Georgia
Strait back to the mainland side.

Straty and Jaeni cke (1980) cited evidence fromtheir studies indi-
cating that the distribution of juvenile sockeye in the eastern Bering
Sea may have been correlated with water tenperature to the extent that
extrenely cold water conpressed the migration into a relatively narrow
band along shore. Results from the present study shed little additional
light, except to note that the proxinmity of very cold water near shore
in 1985 coincided with a restricted offshore distribution of sockeye
early in the survey. \Wether or not warming of coastal waters pernits a
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wi der of fshore dispersal of |ater sockeye migrants was not denonstrated

because of the inconplete tenporal coverage in each year of this study.

It is clear that nunmerous potential explanations for salmonid
mgration patterns may be applicable to Bristol Bay and the eastern
Bering Sea. At the present tinme, however, an information base of suf-
ficient scope and resolution to permt hypothesis testing does not exist
for the region. Simple bi ol ogi cal explanations are confounded by the
tremendously conplex and dynamic physical environment. Hypotheses about
the influence of physical factors on nigration patterns sinply cannot be
eval uated because rel evant physical processes have not been studied at
necessary |evels of resolution. It is our conclusion that a conplete
understanding of migration dynamics awaits a fuller description of the
nearshore marine ecosystem and the place of juvenile salmnids in it.

4.5 NONSALMONIDS - 1984

4.5.1 General Distribution

O the 47 identified nonsalmonid fish species captured in 1984, 13
are generally considered pelagic and 30 are considered denersal. The
remai ning four species (Pacific cod, Pacific sandfish, walleye pollock
and whitespotted greenling) all are often |abeled as demersal. However,
these species were also caught well off the bottomin the purse seine
(Table Ia) either in juvenile stages (which are truly pelagic) or, in the
case of Pacific sandfish, as larger individuals. Oher species such as
Pacific sand lance are found in both pelagic and dermersal habitats at
various tinmes in their life history. The bulk of purse seining and tow
netting was done in relatively shallow water (10 to 11 m and less for
the tow net). In sone cases, the seine and the tow net actually con-
tacted the bottom Therefore, truly demersal species nmay appear in
these gear types that target on pelagic species.

It is noteworthy that two species reported in abundance in the
nearshore areas of Bristol Bay (longhead dab, and capelin; Section
2.2.2) were not prominent in our catches, while Pacific cod, sand |ance
and wal | eye pollock were nore dominant in our catches than would be
suggested by previous work, perhaps due to our snaller mesh sizes.
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4.5.2 Pelagic Fish Species - 1984

“Pelagic” fish species dominated the 1984 catches. O the five
nost abundant fish species in our catches (Table la) only Pacific sand
[ ance and rainbow snmelt are prinmarily thought of as pelagic. However ,
over 62 percent of the total nunbers of fish caught were Pacific sand
| ance. In addition, juveniles of two denersal fish (Pacific cod and
whi t espotted greenling) were anong these top five species, and were nore
abundant in the pelagic habitat than werel arger menbers of these spe-
cies in the denmersal habitat.

OQher, primarily pelagic species captured in significant numbers
included Pacific herring (third in tow net catches) and surf snelt
(third in beach seine catches) as well as juvenile and adult salmonids.
VWl | eye pollock and Pacific sandfish, both primarily denersal species
ranked fourth and fifth overall in purse seine catches

The general distribution and observed size patterns of domi nant
pel agi ¢ species are described bel ow.

Pacific sand | ance

The Pacific sand | ance, Amodytes hexapterus, was by far the nost

nunerically domi nant species in this study, conprising 62.5 percent of
all fish captured in 1984. Sand |ance was the npbst abundant species in

bot h the beach seine and tow net catches. It also ranked second to
Pacific cod in purse seines and fourth in otter traw. This catch
distribution illustrates the wide variety of habitats both pelagic and

bent hic, inshore and offshore used by this species at various tines.
These results seem to confirmthis species’ role as one of, if not the,
most inportant forage fish in this part of the Bering Sea

Sand | ance were widely but irregularly distributed throughout the
study area. As with other species, major concentrations in a few
catches largely drove the apparent distribution pattern (Figures 9, 12
and 13). Beach seine catches of sand lance were greater on protected
beaches, with mean catches as high as 2,360 fish in 13 sets (all cruises
conmbi ned) inside Port Moller. This high catch rate was largely the
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result of a single haul total of over 28,000 individuals at Station 8
(Shingle Point, Herendeen Bay) in Port Moller on Cruise 1. Catches in
excess of 1,000 in a haul were also recorded at Station 6 inside Harbor
Point in Port Moller and on the exposed beach of Transect 3, all during
Cruise 1. During Cruise 1 (late June to md-July), in all 6 of the 10
beach seine hauls that captured sand | ance, the snallest catch was 521.
Al sand | ance were taken on Transects 3 and 4 in this cruise. Overall
average catch per set was 5,107 fish in protected beach stations and 493

fish per set on exposed beaches.

In subsequent sanpling periods there was a sharp, progressive
decline in catches. The average on protected beaches dropped from 5,107
to 20.5 and 4.1 per set in Cruises 2 (late July to m d-August) and 3
(late August to md-Septenber), respectively, while the average on
exposed beaches dropped from492 to 25.3 to Oin the three cruises
(Figure 12).

Sand | ance strongly dom nated tow net catches during the first
cruise at outside stations (about 900 per haul, n=8; Figure 13), but,
surprisingly; were not taken in tow nets inside protected waters (only
Port Moller sanpled; n = 4). In Cuise 2, tow net catches of sand lance
in protected waters (over 1,000 per haul; n = 10) exceeded those in out-
side waters (about 800 per haul), indicating a shift away fromthe
beaches and into midbay area by m d-summer. By late sunmmer (Cruise 3)
average tow net catches at both inside and outside stations fell to Iess
than 5 per set, suggesting, along with beach seine results, a strong
of fshore movenent. This novement may have been confirnmed by purse seine
catch (outside stations only) which junped from |less than about 4 per
set in Cruises 1 and 2 to over 30 per set in Cruise 3 (Figure 9). GQter
trawl catches at outer stations also tended to increase slightly from
Cruise 1 through Cruise 3. However, significant catches of sand |ance
inthe otter trawls (greater than 10 in a traw) occurred only on
Transect 6, Cruise 3 (replicate hauls at Station 8 inside the north
entrance to Izembek Lagoon captured 672 and 232 sand lance). Thus, not
all sand lance had | eft Izembek by Cruise 3. This transect was, how

ever, the first sanpled on Cruise 3 and the offshore nmovenent suspected
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at other transects may not have occurred yet in the southern part of the

study area.

Three distinct size classes of sand | ance were evident in our
cat ches. In Cruise 1, the node in beach seines was 71 to 80 nm (Figure
52) while a large size class (121 to 130 mm) domi nated purse seine
catches offshore. These two size groups were evident in the respective
gears in Cruise 2, but a new group (41 to 60 nm) appeared in the beach
sei nes. This group (now 51 to 70 mMm) dominated in beach seines and
otter trawms during Cruise 3. It was also strongly represented in purse
seine catches which, unlike the other gear types, included all three
size groups in Cruise 3. COverall, the beach seine was nore effective on
smal ler fish than the purse seine, through which we observed small fish
passi ng.

Rai nbow snel t

The second nmpst abundant pel agic species in our 1984 catches was

the rainbow snelt (Osnerus mordax) whi ch conprised 9.4 percent of the

total catch (ranked second in both the beach seines and tow nets).
Beach seine catches were greater on exposed than on protected beaches
(Figure 13) during the first (late June to md-July) and third (late
August to m d- Sept enber) crui ses. This relationship would Iikely have
held in the second cruise (late July to md-August) as well except for
good catches in Ugashik Bay (Transect O which was not sanpled on other
cruises. There was a steady increase in catch of rainbow smelt over the
sampl e period (all transects combined) at exposed stations (from 55to
305t0 836 per set for Cruises 1, 2, and 3, respectively). The naxi-
mum catch in any set (284 fish) occurred in Cruise 3on the exposed side
(Station 5) of Harbor Point in Port Moller.

There wasaclear trend for decreasing rai nbow snmelt catches in
beach seines frominner to outer Bristol Bay at exposed stations (Figure
13). This trend would hold for sanpling in enbaynents aswedlexcept
for significant catches inside Izembek Lagoon on Cruise 2.

Tow net catches of rainbow snelt were generally insignificant
except for two replicate hauls inside Ugashik Bay on Cruise 2 which
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netted an estimated 2,800 and 4,200 fish. Rainbow snelt were generally

poorly represented in the purse seine catches as well, with nmost of the
catch during the third cruise on Transect 2 and 4 (Figure 9). Al purse
sei ne caught rainbow snmelt were taken at the shallowest station seined
(Station 3; 11 m) perhaps indicating a nearshore orientation of this
speci es.

Rai nbow snelt were widely distributed in otter traws, occurring in
32 percent of all traws. Cat ches never exceeded 35 per trawl,with
maxi nrum catches in Cruise 3 at the nearshore stations (6-m depth;
station 4) on Transect 1 and 3. These cat ches enphasized a pattern of
i ncreasing rainbow snelt catch at outside (primarily shallow) stations
with time and decreasing ¢catch rates frominner to outer Bristol Bay.

During Cruise 1 beach seine (Figure 53) and otter traws, the dom -
nant size class of rainbow smelt was in the 111 to 130 nmrange. Cruise
2 beach seines displayed a bimodal distribution of fish with peaks at 91
to 100 and 151 to 160 mm  This latter nmbde may represent growth of the
dom nant nmode from Cruise 1. In Cruise 3, older fish had noved offshore
leaving only a strong node in the 80 to 109 size range in the beach
sei nes. O fshore, purse seines took only fish greater than 130 mm
during Cruise 3.

Pacific herring

Pacific herring (Clupea harengus pallasi) were taken only occa-
sionally in tow nets and purse seines during 1984, yet they were the

third nmost abundant species overall in tow net catches. This low catch
rate is somewhat surprising considering the known spawning of herring in
Port Moller in May and June and their presumed summer and fall migration
route through the study area from major spawning areas on the north side
of Bristol Bay (Thorsteinson and Thorsteinson 1984).

In our 71 purse seine sets only four herring were caught: two in
Cruise 2 and one each in Cruise 1 and 3. In the tow nets, herring were
only captured in Cruise 1 (one fish at Station 11, inner Port Moller)
and Cruise 3 (736 fish at stations 4 and 7 in the entrance to, and
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inside of Port Moller).  these fish, nore (72 percent) were taken at
the inner bay stations. These fish were all young-of-the-year (37 to 55
mm) probably fromthe earlier spawning in Port Moller. Possibly these
fish spawned in the Port in the spring and remained inside, recruiting
to our gear by early fall (Septenber). The June 26 start date was too
late to capture adult herring.

Surf snelt

Surf snelt (Hypomesus pretiosus) was the third npbst abundant spe-

cies taken in 1984 beach seines. Surf snelt were captured in beach
seines only in Cruises 2 and 3with the vast majority (98 percent) in
Cruise 3 (late August to m d-Septenber). Al so they were captured only
on Transects 4 (Port Moller) and 6 (Izembek) with the mgjority (about 90
percent) on Transect 6. The greatest single catch (121 fish) was on the
exposed side of a sand bar in the north entrance to Izembek Lagoon.

This catch included two distinct size classes, with peaks at 40 to 60 mm
and 160 to 200 nun.

4.5.3 Denersal Fish Species - 1984

On the basis of nunbers, fewer fish were taken in denersal than in
pel agic habitats (assumng the sand |lance catch in beach seines to be
pelagic). However, in total weight caught, species like yellowfin sole
and rock sole included large individuals that in nany cases equal ed the
remai nder of otter trawl catches (in weight). Oter trawl catches
general | y exceeded the weight of nost tow net and purse seine haul s.
Considering the small size of the otter traw used, one could specul ate
that even larger individuals or greater numbers of |arge individuals of
t hese species were present and avoided the snmall net opening.

Therefore, to initially examine overall denersal fish distribution
fromotter traws, we chose to | ook at nmean wei ghts of catches with al
species conmbined. Catch distribution was examined by cruise (tine) and
by area (inner, mddle and outer bay; inside [protected] bay versus out-
side [exposed] stations). Mean-weight-per-trawl data are summarized in
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Table 32, Figures 54 through 57, and Appendix E. \Were data are mssing
for a cruise, that station was not sanpled at that tine by otter traw.

The outside stations (1-4) displayed no consistent catch patterns
over the sanmpling period (Figure 54). Geater weights per tow of dener-
sal fish were taken at Transects 2, 3, and 4 in Cruise 1 (late June to
m d- Jul y) . Cruise 3 (late August to m d-Septenber) catches were a
little higher in weight per tow on Transect 6 but this transect was not
fished during Cruise 1 (Figure 54).

The average weight of fish caught in outside station otter traws
in all cruises by station and transect are presented in Figure 55.
Transects 1, 3, and 6 all yielded high overall catches (> 6.2 kg per
haul ); Transect 5,the |owest catches (1.4 kg per haul, Table 32). The
stations closer to shore (3 and 4) yielded heavier otter traw catches
on Transects 1, 3, and 6 (Figure 55). Catch at the outside station (2)
was relatively greater than one (or both) of the inner stations at
Transects 2, 4, and 5. Bottom type (soft versus harder bottoms) may be
a greater factor than depth in shifting species donminance from generally
larger flatfish on softer bottons to generally snaller sculpins on
harder bottons. On Transect 5, rocky bottom conditions at some stations
may have affected otter traw efficiency. More fish may have been
m ssed or lost than were captured because of problens encountered in
traw i ng on harder bottom Sanpl i ng inside enmbaynments was not con-
sistent, with only Transect 4 trawed during all cruises (Figure 56).

Catches were greatest during Cruise 2.

Mean otter trawl catches are displayed by station for each transect
(all cruises conbined) on Figure 57. Station 3 yielded markedly higher
catches than other stations on Transects 1, 2, and 6. Transect 4 had
general ly increasing catches of denersal fish as sanpling noved cl oser
in-shore (Stations 2 to 4) and continued to increase in inside waters
(Stations 7 through 11). However, a simlar pattern of increase in
average weight per traw did not hold for Transect 6. No inside sta-
tions were otter trawed at Transect 2 (Port Heiden).
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TABLE %2
TOTAL FI SH catcH I N OTTERTRAWLS

(mean weight per set, grass)

Standard Standard
Station Cruise 1 Cruise 2 Cruwise 3 Mean Deviation Station Cruise 1 Cruise 2 Cruise 3 Mean Peviation
Transect 1 JTransect 2
1.0 1.0 1758.5 1753.5 0.9
2.6 1707.5 449,5  1078.5 429.0 2.6 2461.0 1194.0 1827.5% 633.5
3.0 19009.5 11549*0 15279.3 3730. 3 3.0 7730.0 5739.5 4734.8 995.3
4*G 99840 T2816.5H ° T630L.Y  3584.0 4.0 2156.5 452.5 1304.5 852.6
5.0 5.0
mean 10233.3 4938 .3 7586.1 mean 15.8 2286, 1 3201.0
std dev 7065.7  4773.3 std dev 2558.6 2046.9
Transect 3 Transect &
1.0 1.6
2,0 S5844.0 1694.5 1787.%5  3116.0 1943.5 2.0 9230.0 1250.0 736.0 3738.7 3B8B.4
3.6 387%.% 11737.5 549%9.0 7037 .3 3389.0 3.0 8614.0 459.5 4536.8  407' 2.3
3.0 17584.0 2537.0 8297, 0 9472.7 6198.9 4,0 8953 .0 2532.5  2618.5  4701.3  3006.6
5.¢ 7.0 8055.0 4710.C 23375 £5034.2  2345.4
10*0 5527.0 23%962.5  1235.0 10241.5 9859.2
mean 9107.8 S323.7 5i94.5  6542.0 11.0 14520.0 15723.5 15121.8 601.8
std dev 6048.3  4548.2  2566.2
mean 9149.8 8106.3 1731, 8 6329. 3
std dev 24692.4 8732, 4 773.2
out si de 8932.3  1414.0 1677.3  4007.9
stations 251.,7 854,2 941.3
i nsi de 9367.3 14798.7 1786.3 B650.8
stations 3786.8 7887.0 551.3
M Transect 6
1.0 140
2.6 35.0 4213.6 2124,0  208%.0 2.0 2636, 5 3130.0  2883.3 2460 E
3.0 745.5 1056.0 25.0 508.8 a31.9 3.0 3974.0 18260.0 11117.0  7143.0
4.6 4280.95 165%.0 560,06  2165.5  1540.7 4,0 7021.0  2578.0  4799.5  2221.5
5.0 7.0 A904.0 383.5  2643.8B  2260.3
8.0 1245.5  1076.5 1161.¢ 84.5
mean 1487.0 2309.3 292.5 1429.4 7.0 3527.5 16%8.5 2613.0 914.5
std dev 1856.7  1368.4 247 .5
a2 0 n 3884.8  4521.1 4202.9
std dev 1804. 4 6210.5
outside sta 4543.8  7989.3  4256.4
1834.8 7266.0
inside sta 322%.7 1052.8  2139.3
1508.7 537.1
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Al evaluations that follow are based on nunbers, not weight of spe-

ci es caught.
Pacific cod

The Pacific cod (Gadus macrocephalus) ranked fourth numerically,

accounting for about 8 percent of our total 1984 catch in all gear. Cod
were taken in the pelagic environnent as well as on the bottomin about
equal numnbers overall, ranking first in purse seine and second in otter
tram catches (Table la). Many of the unidentified cod from Cruise 1
were probably this species, as well. Mreover, the nunbers retained in
the purse seine are but a small portion of those cod encircled in sone
sets. The small size of these fish (and the walleye pollock juveniles
sometimes mxed with the cod), 30 to 50 mm (nean of 45.8 mm in Cruise
1, often allowed nore to pass through the seine web than were captured.
The fewer nunbers of Pacific cod taken in the otter traw outweighed the
purse seine catches of cod because individuals were generally larger.

Cod numbers in otter traws increased with time in both inside and
outside areas, although this may nerely reflect increased retention of
smal ler fish in the gear (Figure 12). Qutside stations had slightly
hi gher average nunbers of cod caught when conmpared with inside stations
As juveniles in the pelagic habitat, cod also were much nore abundant in
purse seine sets in Cruises 2 and 3 conpared to Cruise 1 (Figure 9). By
Cruise 3, the young-of-the-year cod were in the 50 to 80+ nmm si ze range
(nmean of 66.9 mmin purse seines, Figure 58). No [ arge Pacific cod
(> 279 M) were taken with the otter trawi in any cruise” indicating
| arger cod were either outside of our sanpling area or mssed by our
smal | traw .

Cod nunbers were higher at outside (exposed) stations in inner bay
(Transects 1 and 2) otter traws, with niddle and outer bay transects
about equal with all cruises combined (Figure 13). At inside
(protected) stations, Izembek Lagoon had slightly higher ‘catches of cod
than did stations inside Port Moller.

In the pelagic environment, cod juveniles in purse seine catches

were |east abundant in the middle area (Transects 3 and 4).
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Yellowfin sol e

The yellowfin sole (Limanda aspera) was the nost nunerous fish in

otter traws and was the second (to Pacific sand |ance) nost numerous
fish overall in 1984 (10 percent of all fish caught). In terms of
weight, this species domnated every traw set except for a few
i nstances where several larger rock sole or a few large starry flounder
dom nated the weight of fish captured.

Yellowfin sol e catches showed a slight (likely insignificant) down-
ward trend by cruise, or with time, at both inside and outside stations.
Catches in outside waters werequite similar in inner, mddle and outer
bay areas (Figure 13). O inside stations, yellowfin sole catches were
higher in Port Moller than in Izembek Lagoon (no otter traw s were made
in Port Heiden).

A broad range of sizes (< 50 to > 300 nm) of yellowfin sole was pre-
sent in otter trawms fromall cruises, both in inside and outside waters
(Figures 59 and 60). Mean size of all yellowfin sole was similar in
inside and outside otter trawls in Cruises 1 and 2,although the node for
the domi nant year—class was snaller at the outside stations. Aver age
size was distinctly greater at outside stations during Cruise 3,with the
virtual absence of larger fish (> 200-n) frominside stations and a
greater proportion of smaller size classes at outside stations. Three
or four year classes were likely present at both inside and outside sta-
tions in Ctruises 1 and 2, with only tw likely present at inside sta-
tions in Cruise 3. Yellowfin sole in our otter traw s had nean | engths
simlar to those reported by Baxter (1976), but our catches included
both larger and smaller fish than the range taken in his Bristol Bay

sanpl i ng.
Rock sole

Rock sole (Lepidopsetta bilineata) ranked sixth nunerically in our

total 1984 catch for all gear types and third behind yellowfin sole and
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Pacific cod in otter trawm catches (Table la). As nentioned above, a few
| arger rock sole would often dom nate specific traws much |ike yellow-
fin sole and starry flounder. Li ke yellowfin sole, this denersal spe-

cies was taken incidentally in purse seine setsr and a small nunber was
taken in beach seines (Table |a).

Rock sole nunbers in otter trawl catches declined with time espe-
cially at outside stations (Figure 12). Rock sole were somewhat nore
nunerous in Cruise 1 and 2 inside stations as conmpared to outside sta-
tions. There was little difference in rock sole nunbers caught between
inner, mddle and outer bay areas at outside stations

No large rock sole (< 172 mm) were taken in any otter trawms at in-
side stations (Figure 61). During Cruise 1 this resulted in a nuch
greater nean length at outside (93.3 mm vs. inside (75.3 nm stations.
In Cruise 2 this difference in nean size was negated by recruitment of a
new group of fish in the 25 to 40 nm size range at outside stations
(Figure 62) where the size of all rock sole taken ranged from25 to 331
mm (conmpared to a range of only 80 to 172 nm atinside stations). In
Cruise 3, this smallest size class had recruited at inside stations as
wel | (Figure 61). At outside stations it had nerged with the broader
dom nant size node (Figure 62), which likely contained three year-
cl asses.

Whi t espotted greenling

Wit espotted greenling (Hexagrammos stelleri) was anong the top 10

species numerically in all four gear types in 1984 (third in purse seine
catches, fifth in otter trawls, ninth in beach seines and tenth in tow
nets ) . In purse seine catches, pelagic juvenile greenling were rela-
tively abundant in the first two cruises (15 and 18 fish per set, over-
all average) but much less so (0.5 per set) in Cruise 3 (Figure 9).

Purse seine catches generally increased from inner Bristol Bay to the
outer transects. Beach seine catches increased steadily over the three
crui ses but were generally low (Figure 12). The | argest beach seine
catch (12 fish) was inside Ugashik Bay. Witespotted greenling in both
purse seine and beach seines were generally small (less than 85 nm and
showed no noticeable growth through the sanple period.
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The demersal form of this species was widely distributed in otter
tram s but was nost abundant inside embayments -in Cruises 2 and 3 and
out si de enbaynents on Cruise 3. Largest concentrations encountered were
at less protected stations inside Port Moller and Izembek Lagoon on
Cruise 2 and inside the mouth of Port Moller (Station 4) on Cruise 3.

Traw - caught whitespotted greenling i ncluded at |east two size
classes. Early in the season (Cruise 1) only the larger size class (120
to 160 mm was taken (Figure 63). The snaller size class (70 to 119 mm)
was abundant at inside stations in Cruise 2. In Cruise 3, the smaller
size class (80 to 130 mm predom nated at both inside and outside
stations.

WAl | eye pollock

Li ke Pacific cod, walleye pollock were taken in both pelagic and
demersal gear. Although it is generally considered a demersal species,
wal | eye pollock ranked fourth in 1984 purse seine catches. | nt erest -
ingly, this species was captured in the pelagic habitat only in Cruises
1 and 2 and only on Transects 3 and 5, transects removed from associ a-
tion with enbaynents. Pollock were al so only caught at offshore sta-
tions. Greatest catches (303 and 169 fish) were in a set at the deepest
station (27 m and the shallowest station (11 n), respectively, seined
on Transect 3 in Cruise 2. These fish were all in the 35 to 67 nm size
range (mean 47.1 mm n = 205).

WAl | eye pollock were scattered in otter traw catches with a few
fish in each survey. In Cruise 1 fish were taken on Transects 3, 4, and
5, while on Cruises 2 and 3 no pollock were taken south of Transect 3.
Traw - caught pollock tended to be substantially |larger than purse-seine-
caught fish. However, by Cruise 3, pollock in the 80 to 100 nmm range
began to dominate in otter traw s, perhaps recently undergoing the tran-
sition from pelagic to demersal iife style.

Paci fi ¢ sandfish

Life history of the Pacific sandfish (Trichodon trichodon) does not
appear to be well described (e.g., Hart 1973). I'n our 1984 catches,
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sandfish were fairly widely distributed in purse seine and tow net
catches (ranking fifth numerically in each) and were also taken in otter
traw s. In purse seines, sandfish were taken in all cruises with
greatest catch on Transect 3 (n-mstation) in Cruise 1 and on Transect
6 in Cruises 2 and 3. Sandfish were of noderate size (100 to 200 M) in
Cruise 1, increasing somewhat by Cruise 2 (120 to 220 nm. By Cruise 3,
| arger sandfish were absent from purse seine catches and were repl aced
by a snaller size class (60 to 100 mj.

In tow nets, sandfish (112 to 212 mm were only taken in Cruise 1
in replicate hauls on Transect 3, Station 4. of all otter traw catches,
sandfi sh were nost abundant (same size class) at this same station and
time, denonstrating the overlap in these gear types at the shall owner

stations.
Starry flounder

Starry flounder (Platichthys stellatus) ranked fifth in 1984 beach

seine catches but did not rank in the top 10 in otter traws. This
demersal fish species was generally close to shore as indicated by beach
seine versus otter traw catches. (Qccasionally, one or two large indi-
vidual starry flounders would dom nate beach seine or otter traw sets
on the basis of total weight captured. Despite not ranking in the top 10
nunerically in total catch, starry flounder were included in Figures 12
and 13 since they appeared in all gear types and were of large size (to
522 mm) in some cases.

Starry flounder numbers in beach seines were conparable to the
other flatfish graphed (Figure 12). They were fairly stable in nunbers
through the summer at outside stations but were noticeably nore abundant
at inside stations in Cruise 2. Both beach seine and otter traw

catches at inside stations peaked in Cruise 2.

Beach seines at protected stations had greater nunmbers of starry
flounder in the inner bay (Port Heiden) as conpared to the other two
subar eas. More starry flounder were caught at inside than at outside
stations and none was taken in beach seines at exposed beaches on
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Transect 5 or 6. Starry flounder numbers in otter trawms were snall
(generally less than two per haul), especially in the nidbay subarea

(Transects 3 and 4) at both inside and outer stations.

Beach sei ne-caught starry flounder included nuch smaller sized fish
(to 40 mm) than did otter trawms. A strong node in the 65 to 90 mm size
was present in Cruise 1 beach seine catches,while Cruise 1 otter traws
t ook none snaller than 337 nmm No strong nmobdes were present in otter
trawm catches, although many fish were in the 330 to 360 range.

Al aska plaice

Al aska pl ai ce (Pleuronectes guadrituberculatus) ranked sixth in
otter traw catches and ninth in total catch in 1984 (Table la). This

demersal flatfish, like starry flounder, was taken in both otter traw

and beach seines, indicating somepreference for nearshore shall ow
wat ers.

Al aska plaice were not taken in beach seines at inside stations
during Cruise 1, and catches increased slightly fromCruise 2 to 3
(Figure 12). Nunbers of Al aska plaice taken in beach seines at outside
stations declined slightly fromCuise 2 to 3 with none taken in Cruise
1. In otter traw catches, Alaska plaice were nore abundant and nunbers

generally declined with time at both inside and outside stations.

No plaice were captured in beach seines at inside (protected) sta-
tions in the inner bay subarea (Figure 14). At outside (exposed) sta-
tions, beach seine catches of Al aska plaice were reversed with no
catches in the outer bay and increasing nunbers from mddle to inner bay
subar eas. Oter tram catches of Al aska plaice showed a strong pattern
of reduced nunbers taken frominner to outer bay subareas (Figure 13).

In Cruise 1 otter trawls, there were at |east two distinct size
cl asses of Al aska plaice,with nodes in the 50 to 75 mmand 135 to 170 nm
range. In Cruise 2, these two npdes were |ess abundant with increased
nunbers of fish < 200 nm By Cruise 3, the initial two nodes had
increased in size by about 15 to 20 mm and a new size class in the 35 to

50 mm range had appeared, especially inside Izembek Lagoon.
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Beri ng poacher

Bering poacher (occella dodecaedron) ranked seventh in 1984 otter

trawl catches with a few caught in other gear types (Table la). This
species did not rank in the top 10 in total nunbers of fish caught by

all gear types.

In otter trawl catches, Bering poacher appeared in greater nunbers
nearer to shore (Stations 2, 3 and 4) with snall nunbers near the beach

(as indicated by beach seine catches). However, very few were taken
i nsi de enbaynents. There was little trend in otter trawl catch rate
over tinme. They were substantially nobre nunerous in the inner and

m ddl e bay conpared to the outer bay subarea.

Oter traw -caught Bering poachers tended to be |arger at deeper

wat er stations.
Snake prickleback

Snake prickleback (Lumpenus sagitta) ranked eighth in otter traw
cat ches based on nunbers caught, but did not rank in the top 10 fish
species taken in 1984 with all gear types (Table la). This species was

also taken incidentally in all other gear types. Based on tabul at ed

otter trawm catches this denersal species appears nore numerous
nearshore (Stations 4 and 3) and inside bays (Port Moller). Numbers
i ncreased steadily through the sanpling period with the greatest catch
(132 and 64 fish) in trawls from Station 4, Transect 1, on Cruise 3.

Snake pricklebacks were nobre nunerous in inner and mddle bay

subareas as conpared to the outer bay subarea.

Si zes of snake pricklebacks varied a great deal through the

sanpling period.

4.S. 4 Discussion

By far the dominant forage fish in our 1984 catcheswasPacific
sand lance, whi ch has not been reported as unusually abundant in earlier
studies in the area (e.g., Baxter 1976, Barton et al. 1977, McMurray et
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al. 1984). Qur results indicate heavy early July usage of protected
coastlines in the study area by yearling sand |lance, with | esser use of
exposed coastlines. Larger sand lance (2-year fish?) were abundant in
the pelagic habitat offshore. There was obvious growth of these two
year-cl asses by mdsummer (Cruise 2; Figure 52) along with an apparent
shift away from the shorelines (reduced beach seine catches; increased
tow net catches) within the enbaynents. By late summer, these size
cl asses had | argely abandoned beach areas and enbaynents and were
i ncreasingly abundant offshore in purse seine catches. However, a new
size class (young-of-the-year?) which first appeared in beach seines in
Cruise 2 was dominant in both shoreline (beach seine) and pelagic (purse
seine) habitats in Septenber.

Catches of rainbow snelt, the second nost abundant pel agi c species
in 1984, exhibited some simlarities with sand lance patterns and sizes.
Rai nbow snelt, however, tended to be nore abundant on exposed than on
protected beaches. Beach seine catches of smaller size classes of rain-
bow snelt generally increased through our entire sanpling period while
catches in purse seines declined; thus, there seens to be a nore pro-

| onged size segregation (smaller size classes remaining nearshore) in
rai nbow smelt than in sand |ance.

Yel lowfin sole domination of denersal fish comunities in shallow
waters north of the Al aska Peninsula, previously reported by many
investigators (e.g., Baxter 1976, Cable 1981, Walters 1983, G abacki
1984, McMurray et al. 1984), was certainly confirmed in our sanpling.
Qur data indicate that by early July large nunbers of yellowfin sole are
present, with numbers gradually declining as sunmer progresses.

Qur data al so suggest a recruitment of young-of-the-year yellowfin
and rock sole to coastal waters from offshore (cf., from local trans-
formations fromthe planktonic to the denersal lifestyle). This is
indicated by the relative dom nance of the smallest size class taken in
the otter trawls at our stations outside of embayments (Figures 60 and
62) versus inside stations (Figures 59 and 61). For exanple, with
yellowfin sole, this smallest size class was nore apparent at outside
stations during Cruises 1 and 2, shifting to inside stations in Cruise
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3.  Many size classes of yellowfin sole were present inside and outside
of the enmbayments sanpled while larger rock sole were absent fromotter

trawls within enbaynents.

Thus, the inshore waters and embayments al ong the north shore of
the Alaska Peninsula serve, at |east seasonally, as nursery areas for
several inportant pelagic and demersal species. There is an influx or a
recruitment in size of juveniles during the spring and sumrer and a
continued residence of subadult year-classes through the sumer and
early fall period. Presunably there is a mmjor offshore nmovenment of
most of these species later in the fall. However, fish use of the study

area from Cctober through May has not been well studied

4.6 NONSALMONI DS - 1985

4.6.1 Ceneral

O the 25 identified non-sal mon species (Dolly Varden are included
here) taken in 1985, only 6 species are considered pelagic and 19 are
consi dered denersal. As in 1984, the Pacific cod, Pacific sandfish
wal | eye pollock, and whitespotted greenling are considered denmersal but
were captured in the pelagic environnent with the large purse seine
Al representatives of these species except the sandfish were juveniles
that are truly pelagic at this life stage. As noted above, adult
Pacific sandfish make distant migrations fromthe demersal habitat with
which they are usually associ at ed. The small seine in 1985, and to a
| esser extent the large seine in both years, sanpled sone shallow sta-
ti ons where true denersal species were taken in or near their actual
habitats

4.6.2 Pelagic Fish Species - 1985

“Pel agi ¢c” fish species domnated the 1985 catches in nunbers caught
with only 6 species of non-sal non taken. In terms of total number of
fish caught, Pacific sand lance ranked first for all gear (Table |b)
and made up 32 percent of the total 1985 catches. Rainbow snelt ranked
fourth and made up 9 percent of the total catch in 1985. \Witespotted
greenling, primarily juveniles in large purse seine catches, ranked
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ei ghth and nade up 0.4 percent of the 1985 catches. Capel in ranked
ninth and pond snelt ranked tenth with even smaller percentages of the
total catch in 1985. O the six non-sal non species considered pel agic
only the Dolly Varden did not rank in the top 10 catches in ternms of
nunbers caught in 1985. Pel agi c nonsalmon domi nated all gear types
including the ‘beach seine. Only the denersal starry flounder ranked in
the top 5 in beach seine catches, and that species was in fifth place.
The starry flounder ranked sixth in numbers of all fish taken in 1985
(Table Ib).

The general distribution and observed size patterns of doni nant
1985 pel agi ¢ species are described bel ow

Paci fic Sand Lance

The Pacific sand | ance was the nost abundant fish taken in 1985 as
it was in 1984. The catch of sand |lance by gear type again indicated
this species is highly adaptable to a wide variety of nearshore and
of fshore habitats and appears to be an extrenely inportant forage fish
in the study area.

Beach seines captured 86 percent of all sand |lance taken in 1985
(Table Ib). In Crui se 4a beach seine sets (Appendix 1), the |argest
catches of sand lance were in the protected beaches of Port Moller
(Transect 4), at Harbor Point (Station 6), and at Shingle Point (Station
8) in Herendeen Bay, average abundances were 671 and 253 sand | ance per
set, respectively. Both of these beaches have gradual slopes and are
exposed to relatively little wave action. The substrate ranges from
sands to small cobbles with some attached al gae. No ot her transects
were sanpled by beach seine in Cruise 4a.

In Cruise 4b, sand lance were absent from all beach seine sets
in Ugashik (Transect O and all 6 sets in Port Heiden (Transect 2)
possi bly due to the greater fresh water influences on the beaches
sanpled (cf. Port Moller). Substrate was also fine grained (sand and
nuds), often with a lot of organic debris. On Transect 4 in the Port
Moller area, sand |lance were taken in Cruise 4b at all beach seine sta-
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tions, With the greatest overall numbers at the nore exposed and nore
steeply sloped Station 9on the outside face of Shingle Point. Even the
nore exposed side of Harbor Ppoint in Port Moller (Station 5) had small
numbers of sand | ance. Stations 5, 6, 8, and 9 had nean abundances of
92, 233, 227, and 352 sand |ance per set, respectively.

In Moffet Lagoon (Transect 6), both beaches sanpled are fairly
protected fromsurf. However, Station 6 inside Operl Island is fairly
dynamic with respect to tidal current velocities and had no sand | ance.
Station 7 located on a sand to nud bar on the north side of the Mffet
Lagoon entrance had |arge numbers of sand |ance (average abundance of
2102 fish per set) in four beach seine sets in Cruise 4b. The dif-
ference may have been in the shallower slope and the generally slower
tidal currents very close to shore at Station 7, conpared to Station 6.

The smal |l purse seine (Appendix H) accounted for only 3.5 percent
of the sand lance taken by all gear types in 1985 (Table |b). Five
smal|l seine sets in Port Heiden (Transect 2) captured no sand |lance in
Cruise 4a. Small nunbers of sand |ance were taken in Port Moller
(Transect 4; 9 sets) at Stations 3 and 7, while no sand |ance were taken
at Station 4 off Harbor Point or at Station 13 in the entrance to

Her endeen Bay.

In Cruise 4b, no sand |ance were taken with the small seine at
Transects O (3 sets) and 2 (1 set). At Port Moller (Transect 4; 13
sets), the stations on the outside and inside of Harbor Point had no
sand | ance in snmall seine catches,while one set (Station 12) had 322
fish, 96 percent of all the sand | ance taken in 1985 with this gear.
This single set in the inner part of Herendeen Bay was made on July 23.
A small nunmber of sand lance was taken in 1 of 3 sets in outer Herendeen
Bay (Station 13). In Mffet Lagoon (Transect 6), no sand |ance were
taken in three small seine sets. These sets were made under high tidal
current periods which may have influenced sand |ance distribution or the
efficiency of this gear type.

Approxi mately 10 percent of all sand lance taken in 1985 were cap-
tured in the large purse seine in the offshore stations (Table Ib). In
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Crui se 4a, a few sand | ance were taken in 1 of 3 sets each made at
Stations O 1, and 2 on Transect O (Appendix” G. Of Port Heiden
(Transect 2), only one of two sets at Station 3 took a small nunber of
sand |lance (6 sets total). In Cruise 4a on Transect 4 (Port Moller),
sand lance nunbers increased as sanpling noved closer to shore with nean
catches of 2, 1.5, 61.4, and 106.8 fish per set at Stations O 1, 2,
and 3, respectively (16 sets, total ). Cruise 4a large purse seine
catches of sand |ance on Transect 6 (Izembek Lagoon) exhibited this sane
pattern with reduced nunbers of fish taken with distance offshore. The
Station O 1, 2, and 3 nean catches were O 0, 8.8, and 12.4 fish per
set, respectively.

Large purse seine sets in Cruise 4b took sonewhat smaller numbers
of sand lance at Transects 2, 4, and 6 while nunmbers increased slightly
at Transect O However, the Ugashik catches remained small with no fish
taken at Station O and about equal nunbers taken at Stations 1 and 2.
Of Port Heiden (Transect 2), the only sand | ance taken in 20 sets were
at the nost nearshore Station 3. As in Cruise 4a, the largest nean
transect catch of sand lance in Cruise 4b was attained off Port Moller.
The mean abundance in 10 sets at Stations O 1, 2, and 3 on this tran-
sect was 0, 15, 117, and 1 sand l|ance, respectively. On Transect 6
(Izembek Lagoon) in Cruise 4b, only Station 2 of the four offshore sta-
tions for the large purse seine had a small catch of sand |ance.

In summary, Pacific sand lance were fairly patchy in distribution

in the 1985 catches; they were not consistent at any station on any
transect with any gear type.

Lengt h-frequency patterns for sand |ance taken by beach seine in
Cruises 4a (253 fish) and 4b (772 fish) are presented in Figure 64. The
beach seine pattern shows some growth between Cruises 4a and 4b with a
suggestion oftwo or three year-classes present near the beaches in the
study area. (No ageing of any non-sal mon was conpleted in the study.)
Lengt h-frequenci es of sand |ance taken by small seines nearshore in
Crui ses 4a (13 fish) and 4b (56 fish) (Figure 65) also suggest sone
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growth between periods. Length-frequencies of sand lance taken by large
purse seine offshore in Cruises 4a (236 fish) and 4b (176 fish) (Figure
66) strongly indicated growth between cruises. There is also an
apparent reduction in Cruise 4b of the frequency of the second and
possibly the third largest nodes from Cruise 4a. These 130+ and 165+ mm
fish in Cruise 4a are either noving out of the study area or being
sel ectively consumed by other aninals. There are likely 3 or 4 year-
classes in the large seine data.

If all three gear types are conpared for the size of Pacific sand
| ance taken in 1985, some interesting patterns are present. In Cruise
4a, the 90- to 100-mm size class is apparent in all three study |oca-
tions (offshore, nearshore and beach). However, the 130+ and 165+ nm
size classes seen offshore in the |large purse seine are not apparent
nearshore and are di m nished near the beach. When all gear in Cruise
4b are conpared, a simlar pattern of larger fish with distance offshore
is evident. Since different gear are conpared here, sonme caution is
needed in that we nmay be seeing the result of gear selectivity since
larger sand lance may be able to escape the snall purse seine and the
beach seine. However, the beach seine did appear capable of capturing a
few fish in the 140- to 155-nm range

Rai nbow Snel t

The rainbow smelt was the second nost abundant nonsalmonid in 1985
and ranked fourth in overall £fish catches in 1985 (Table IDb). The rain-
bow snmelt catch was 9 percent (by nunber) of all fish taken. The beach
seine and small|l seine accounted for 74 and 25 percent of all rainbow
smelt taken, reconfirming this species’ affinity for beach and shallow

near shore environnents.

In Cruise 4a, the beach seine catches (Appendix |I) varied a great
deal at Transect 4 (Port Moller), the only area beach seined in this
cruise. The mean abundance of this smelt at Stations 5 6, 8 and 9 was
35.7, 1, 0, and 8 per set, respectively (10 sets, total). Stations 5
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and 9 are located on the the steeper, generally coarse (sand-to-cobble)
substrate beaches that wusually have the hi gher wave action at Harbor
Point (Port Moller) and Shingle Point (Herendeen Bay). This pattern for
rai nbow smelt is the opposite of that discussed above for Pacific sand
lance,which were nore nunerous at Stations 6and 8 in this sane cruise

peri od.

In Cruise 4b, Transect O (Ugashik) beach seine sets at Stations 4,
5, and 7 had mean abundances of rainbow snmelt of 95.5, 9.7, and 131.5
per set, respectively. Station 4 is on the outer coast outside Smoky
Point, while Station 5ison Snoky Point,and Station 7 is inside Dago
Creek’s small estuary. This pattern is confusing since Station 4 is
very exposed and Station 7 is fairly protected. The key variable nmay be
the nore steeply sloped sand beach at Station 5. Al three areas are
sand beaches with the |owest sloped, nmpbst protected area at Station 7.

In Cruise 4b, Transect 2 (Port Heiden) beach seine sets at Stations
5 and 6had nean abundances of 204.7 and 267.7 rainbow snelt per set.
The somewhat hi gher catches were in the nore protected area (Station 6)
which is the so called “marina” for local gill net vessels. This area
was gently sloped with a fine sand-to-nud bottom,while the nore exposed
Station 5 beach was a sonewhat steeper sand beach. Numerical conpari-
sons for this and other fish species may be conplicated by the Iight
mud at Station 6 and the | arge anpbunt of organic debris in Station 5
whi ch influenced the effectiveness of the beach seine. The problem was
less in catching fish than in finding themin the mud or debris in the
net once a set was conpl eted. Smal ler smelt and other fish species may
have been nmissed in removing the catch fromthe nets. Wth the excep-
tion of eelgrass problens at Transect 6, no other beach seine sites

approached the debris problenms at Port Heiden.

In Cruise 4b, the largest beach seine effort (14 sets) was at Port
Moller where Stations 5, 6, 8, and 9 had nean abundances of 4, 4.5, 0,
and O rainbow snelt per set, respectively. One can only concl ude that
rai nbow snmelt nunbers declined overall on the Port Moller beaches by
Cruise 4b in 1985.
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In Cruise 4b at Mffet Lagoon (Transect 6), no rai nbow smelt were

taken at Stations 6 and 7 in 4 beach seine sets.

On beaches sanpled in 1985, rainbow smelt were nost abundant at
Port Heiden and were very consistent in beach seine catches there and at
Ugashik. Rainbow smelt were much | ess abundant on Port Moller beaches
than farther upbay at Transects O and 2 in Cruise 4b.

The small seine took 25 percent of the total rainbow snelt catch in
1985 (Appendix H. In Cruise 4a, 5 sets on Transect O {(Ugashik) capt ured
no smelt. In this same cruise, 9 sets on Transect 4 (Port Moller) cap-
tured rainbow snmelt only at Station 7 (nmean abundance, 9.3 fish per set
in 3 sets) located well inside the bay behind Anchor Point. Transects O
and 6 were not sanmpled with the small seine in Cruise 4a.

In Cruise 4b, the snall seine was fished at all transects and was
much nmore successful on rainbow snelt. Single sets at Transect O
(Ugashik), Stations 8, 9, and 10 took 105.6, 276, and 236.2 snelt,
respectively. Al of these stations are inside Ugashik Bay with Stations
8, 9, and 10 located in the outer, nmiddle and inner parts of the bay.
Based onthese |imted data, rainbow smelt were |east abundant in the nost
seaward station in the bay.

At Transect 2 in Cruise 4b, the single small seine set at Station 4

yi el ded no rainbow smelt. At Transect 4 in this same cruise, Stations
4, 7, 12, and 13 had nean abundances of 0.9, 20.4, 0, and O snelt per
set, respectively. The nore protected bay inside of Harbor Point

(Station 7) had by far the largest concentrations of rainbow smelt in
pel agi ¢ habitats inside Port Moller. These smelt concentrations were
still quite small relative to those on the beaches in this area. At

Transect 6 in Cruise 4b, 3 snall seine sets captured no rainbow snelt.

Rai nbow snelt were very poorly represented in |large purse seine
catches (13 fish in 97 sets) indicating very |ow nunbers at offshore
stations in the study area. The few rainbow smelt taken with this purse
seine were captured in both Cruise 4a and 4b at Station 3 on Transect 2
(Appendix Q. This is the nearest offshore station and these snall
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catches are consistent with the large catches of these snelt on Port
Hei den beaches and the noderate catches of snelt with the small seine in
adj acent nearshore waters.

To provide some insights into the size patterns of rainbow snelt in
1985, Figure 67 presents the length-frequency patterns of fish taken in
the beach seine in both Cruise 4a (115 fish) and 4b (921 fish). Sone
growth is apparent in the shift of the peaks between Cruise 4a and 4b.
Al'though by no neans clear, three-year classes may be present in rainbow
snelt from Cruise 4b beach seines. Figure 68 presents the rainbow smelt
| engt h—frequencies fromthe snall seine in Cruise 4a (10 fish) and
Cruise 4b (382 fish). Wiile the sanple size is very small for Cruise 4a
smal | seines, there is a hint of sone snmaller fish recruiting to the
nearshore areas sanpled in 1985 by Cruise 4b. T™™WO or possibly three

year classes of smelt are suggested in Cruise 4b small seine catches.

In conparing catches in Cruise 4aand recognizing the snmall sanple
sizes, there is an indication that larger fish are near shore but not
adj acent to the beach. This pattern is not maintained in Cruise 4b,

where greater nunbers of smaller rainbow smelt seem to be near shore than
adj acent to the beach.
Whi t espotted Greenling

As adults, whitespotted greenling are demersal fish. However since
over 94 percent of the 1985 catch of this species (128 fish) were juve-
niles taken in the large purse seine, this species is included in this
pelagic fish section. This greenling ranked third in the “pelagic” fish
group but only ranked eighth in total catch in 1985 (0.4 percent). Too
few whi tespotted greenling were taken in the small seine and beach seine
to nake any comments about distribution except to say they were
apparently not very nunerous nearshore in Cruises 4a or 4b. The few
fish taken in the 39 large purse seine sets in Cruise 4a (Appendix Q
were taken on Transect O Station O Transect 2 Station O and nost were
at Transect 6, Stations O 1, and 3. No greenling were taken on
Transect 4. This pattern in Cruise 4a tends to indicate these juveniles
were of fshore and in the nore southern part of the study area, suggest-
ing a source to the southwest of the study area.
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In Cruise 4b, whitespotted greenling were nore evenly distributed
between transects, although Transect 6 again had a slightly higher
average catch with the large seine. At Transect O they were caught at
Stations O and 2, but not at Station 1 (20 sets, total). At Transect 2
Station O 1, 2, and 3 large purse seine sets (20 sets, total) had nean
abundances of 3.9, 2.1, 0.9, and 9.7 fish, respectively. At Transect 4
in this cruise, the Station O 1, 2, and 3 large seine sets (10 sets
total) had mean abundances of 1, 5.3, 6.6, and 1 fish, respectively. At
Transect 6 in Cruise 4b, the Station O 1, 2, and 3 large seine sets (8
sets, total) had mean abundances of 1, 4, 9, and 7 greenling, respec-
tively.

In 1985, whitespotted greenling were definitely nore abundant in
Cruise 4b than in 4a. These greenling were also nore uniformy distri-
buted offshore of the coast in Cruise 4b with sone suggestion, although
the nunbers are small, of nore fish inshore in Cruise 4b than in Cruise
4a | arge purse seine sets. Care mnmust be taken in assessing these num
bers as these are small fish that nmay, at their youngest age in the
pel agi ¢ environnent, pass though the purse seine web. Al so, as snall
fish, they run a greater risk of being mssed in the net clearing pro-
cess than do larger fish.

A conparison of whitespotted greenling | ength-frequencies from
| arge purse seine catches in Cruise 4a (12 fish) and Cruise 4b (87 fish)
are provided in Figure 69. The Cruise 4a sanple size is obviously quite
small but nay be representative since a continuous growh pattern is
apparent between the two 1985 cruises. Al these individuals are assuned
to be in a single growing year-class (range 52 to 76 mmj.

Capelin

Capelin, Mallotus villosus, were the fourth ranked pelagic fish

al though they ranked only ninth in overall catches (0.4 percent, Table
Ib). Wth the exception of three fish taken in the snall seine, all 109
capelin were taken with the large purse seine. All the Cruise 4a capelin
came on Transect 2 (4 sets), Stations 2 and 3, where nmean abundances
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were 1 and 40.8 fish per set (Appendix Q. This latter catch in two
sets on Station 3 conprised nearly all the capelin taken in 1985, since

no capelin were taken in Cruise 4b. capelin, |ike rainbow snelt, appear
to prosper in the Port Heiden area.

Lengt h-frequency of 105 capelin taken by |arge purse seine on
Transect 2 in Cruise 4a (Figure 70) appears to be a unimodal curve of a

single year-class. Capelin are reported to live to be 3 or nore years
old (Hart 1973).

Pond Snelt

Pond smelt were the fifth ranked pelagic fish, although they ranked
only tenth in overall catches (0.3 percent, Table Ib). Al the pond
smelt were taken in the beach seine indicating strong preference for
onshore and estuarine habitats. 1In Cruise 4a, only a single pond snelt
was taken with the beach seine at Transect 4, Station 8 (Shingle Point)
in the back part of Herendeen Bay.

Al the remaining pond snelt were taken in Cruise 4b (July 8 to
July 28) beach seines, and sone individuals were taken on every transect
except Transect 6 (Appendix I). At Transect O (Ugashik), Stations 4, 5,
and 7, the nean abundance was 24.5, 14, and O pond snelt per set,
respectively (7 sets, total). On Transect 2 (Port Heiden), Stations 5
and 6 each had a nean abundance of 1 pond snelt (6 sets, total).
Transect 4 (Port Moller) (14 sets, total) had one pond snelt each at
Stations 5 and 9; no snelt were taken at Stations 6 and 8.

Figure 71 presents the length-frequency of 49 pond snelt from
Crui se 4b beach seines. T™W year-cl asses are likely present in these
limted data with only two individuals of the larger year-class present.
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Pacific Herring

Pacific herring, clupea harengus pallasi, did not rank in the top

ten fish captured in 1985 even though the three gear types should have
taken themif they had been present in any nunbers.

The few herring taken were fairly evenly distributed in snall
seine, large purse seine, and beach seine catches (Table Ib). The beach
seine took one herring in Cruise 4a at Transect 4 on Station 5 and in
Cruise 4b, one herring was taken at Transect 2 at Station 5. The
| argest catch of herring in Cruise 4b was on Transect 4 (Port Moller) at
Station 6, where 11 fish were taken in one of 5 beach seine sets on the
protected side of Harbor Point (Appendix 1).

In Cruise 4a, no herring were taken with the small seine. However,
of the 15 fish taken in Cruise 4b (Appendix H), Transect O had a single
fish at both Stations 8 and 9, and the largest catch was on Transect 4
(Port Moller) at Station 7 |ocated behind Harbor Point. No herring were
taken with the small seine on Transects 2 or 6.

In Cruise 4a, no herring were taken with the |arge purse seine.
However, of the 27 herring taken in Cruise 4b, about half were taken in
one of 10 large purse seine sets on Transect O Station 2, 5 nm offshore
(Appendix G . The remainder of the herring taken in Cruise 4b were on
Transect 2, Station 3,located less than 5 nm offshore. No herring were
taken on Transects 4 or 6 in Cruise 4b. Cruises 4a and 4b in 1985 nust
have again, as in 1984, been too late to capture |arger nunbers of adult
herring known to be present in the study area earlier in the spring.

Dol Iy Varden

Dol 'y Varden were not ranked in the top ten fish taken in 1985 but
are of interest because of how and where they were taken. O the 49
adults and juveniles (categories based solely on size and not on sexual
maturity) taken, only two cane out of the beach seine (Table Ib). These
two fish cane in Cruise 4b from Transect 4, Station 6 and Transect 6,
Station 6 (Appendix 1). No Dolly Varden were taken in the snall seine
in 1985.

228



Nearly all the Dolly Varden were taken offshore in the |arge purse
seine (Appendix G in Cruise 4a. In Cruise 4a at Transect O (Ugashik),
Stations O 1, and 2 had mean abundances of 1, 13 and 2.6 Dolly Varden
(sizes conbined) in 9 sets. At Transect 2 (Port Heiden), Stations O to
3 were fished (6 sets) and only a single Dolly Varden was taken at
Station 2. In 16 sets at Transect 4 (Port Moller) at Stations O 1, 2,
and 3 the nmean abundances were 1, 1, 5, and 4.8 fish (sizes conbined).
In Cruise 4a at Transect 6 (Izembek Lagoon), 8 large purse seine sets
yielded 2 fish at Station O and 1 fish at Station 2.

In Cruise 4b, the large seine captured only a single Dolly Varden
on Transect 4, Station 2. No Dolly Varden were taken in this cruise at
Transects O 2, and 6.

Dol Iy Varden appeared to be scattered in the offshore waters of the
study area in Cruise 4a, and noved out of the study area in Cruise 4b
If they had noved closer to shore in Cruise 4b, we should have seen nore
of themin small seine and beach seine catches.

4.6.3 Denersal Fish Species - 1985

As a result of the change in study direction to focus on pelagic
species (specifically, juvenile salmon) in 1985, only incidental catches
of denersal species were taken in the beach seine, small seine, and
| arge purse seine. Section 4.6.2 on pelagic species covered the whi-
tespotted greenling whose juvenile stage lives in the pelagic habitats
of the study area. Therefore, this species will not be repeated here
even though three of these greenling were taken by beach seines in a
more denersal habitat.

Starry Fl ounder

Starry flounder was the npost abundant denersal species taken in
1985, but ranked only sixth (2 percent) in total 1985 catches of the
total fish caught by number (Table Ib). They appeared above all other
demersal species since they frequent beach areas and are vulnerable to a
beach seine. The large purse seine captured only 6 of the 616 starry
flounder taken; the small seine captured none (Table I|Db).
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In Cruise 4a (June 16 to July 7) the only beach seining was
conpl eted on Transect 4 (10 sets), and only one starry flounder was
taken in one of five sets at Station 6 on the protected side of Harbor
Point (Appendix I).

In Cruise 4b (July 8 to July 28) starry flounder were unevenly
distributed on beaches at all transects. The largest overall numbers of
this species were taken at Transect O (ugashik). At Stations 4, 5, and
7, the mean abundances were 25.5, 100.3, and 46 starry flounder (7 sets,

total ) . The Snoky Point beach site seened by far the preferred location
for these fish. On Transect 2 (Port Heiden) Stations 5 and 6 had nean
abundances of 26 and 26.3 fish (six sets, total). Transect 4 (Port

Moller), Stations 6 and 9, each had a single starry flounder. Transect
6 (Izembek Lagoon), Stations 6 and 7, each had several fish in Cruise
4h. The larger concentrations of starry flounder near beaches in
Ugashi k and Port Heiden nmay be due to greater influences of the large
rivers entering these estuaries, cf., the nore narine beach areas
sanpled in Port Moller and Mffet Lagoon.

The length-frequencies of 350 starry flounder taken by beach seines
in Cruise 4b are shown in Figure 72. The pattern of lengths in Cruise
4b is consistent with the near-beach |ocation of capture. The majority
of the fish are small 40- to 90-nmm individuals; however, multiple |arger

year-cl asses are present.
Arctic Fl ounder

Arctic flounder ranked eleventh by number of all fish taken in 1985
(Table Ib). Al Arctic flounder were taken by beach seines in Cruise 4b
in 1985 (Appendix I). In Cruise 4b on Transect O a single fish was
taken at Station 5 (Snoky Point in Ugashik Bay). The largest Arctic
flounder catches were on Transect 2 at Port Heiden. Stations 5 and 6
had nean abundances of 3.5 and 42.5 Arctic flounder (six sets, total).
On Transect 4 (Port Moller), a single fish was taken on Station 6 and on
Transect 6 (Moffet Lagoon) no arctic flounder were taken. Arctic
flounder were nore nunmerous in |ower salinity areas (Port Heiden) with
shal | ow sl oped nud and fine-sand bottons.
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G her Flatfish

The remai ning flatfish taken in 1985 ranked by the nunbers taken
were as follows: Alaska plaice (52 fish all in beach seines), yellowfin
sole (27 fish in beach seines and |large purse seines), and rock sole (13

fish all in beach seines).

4.7 COVPARI SONS OF 1984 AND 1985 NON- SALMONI D CATCH DATA

4.7.1 Ceneral

Results of our 1984 and 1985 sanpling appear to confirmthe seaso-
nal inportance of inshore waters and enmbaynents al ong the north side of
the Alaska Peninsula to a variety of nonsalmonid fi sh. In terms of
overal |l ecological (and econonic) inportance, the role of these waters
in production of forage fish is of primary significance. Two species
that are already well docunmented in Bristol Bay, .Pacific herring and
capelin, were not well represented in our catches in either years,
probably because the start of our sanpling missed their spring onshore
spawni ng novenents. The late summer recruitment of smaller herring to
our 1984 tow net catches in Port Moller may indicate a prolonged |oca
rearing of herring spawned in this area. The virtual absence of capelin
in our 1984 catches and low nunmbers in 1985 may indicate a |esser signi-
ficance of the study area for this species than has been previously
suspected (e.g., Barton et al. 1977), or may have resulted from of fshore
moverment followi ng their spring spawning. Both capelin and herring were
reportedly abundant in mdwater trawls off Izembek Lagoon by LG
Ecol ogical Services in their separately funded ecosystem study (D

Thonmson, personal conmunication 1986).

Several conplications exist in nmaking conparisons of 1984 and 1985
for nonsalmonid data. The lack of concurrent sanpling dates between the
two years is a mmjor inconsistency. Basically, the 1985 season began 10
days earlier (June 16) than Cruise 1 in 1984 and ended July 28, two days
after Cruise 2 began in 1984. Taking into account the break between
Cruises 1 and 2 in 1984, Cruise 4a in 1985 had 11 days of overlap (June
26 through July 6) and Cruise 4b had only 3 days of overlap (July 25
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t hrough July 27). Even this overlap in time is relevant only for the
| arge purse seine. In 1985, both the small purse seine and the beach
seine effort in Cruise 4a were initiated after the [ arge purse seine
operation was well underway. Therefore the overlap in calendar tinme is
less for these two gear types due to their later start dates in Cruise
4a in 1985

The water tenperature differences between simlar periods in the
study area in 1984 and 1985 are likely much nore inmportant than any dif-
ferences in cal endar date. In effect, the colder and earlier sanpling
dates in 1985 were really further ahead of 1984, biologically, than the
calendar would indicate. Wth water tenperatures influencing fish pre-
sence and novenents in the area, the fact that water tenperatures in
Cruises 4a and 4b in 1985 did not approach those at simlar stations in
simlar times in 1984 (Figure 49) is very inportant. In terns of water
temperatures, we actually sanpled two different times of the year with
l[ittle or no overl ap. In conparisons of catch and apparent distribu-
tions of fish, it is not surprising that 1984 and 1985 | ook as different
ast hey do.

The 1984 and 1985 biol ogical conparisons are also limted to the
species taken in sufficient numbers in both years. Real conparisons can
only be made with the catches fromthe | arge purse seine and the beach
sei ne which were conmon to both years. The nearshore pel agi ¢ sanpling
conparisons are conplicated by the use of a tow net in 1984 and the
switch to a small purse seine in 1985 to inprove our efficiency on juve-
nile salmonids. No good conparisons are possible, especially for the
faster swinmmng pelagic fish which we suspect could generally outswim
the tow net in 1984.

Many nore fish were taken overall in 1984 than in 1985 (88,436 ver-
SUS 29,986), although a considerable proportion of the 1984 catch was
made up of a single very large Pacific sand lance catch (by beach
seine) . Even though the 1984 season had nore days of field sanpling,
the effort (total number of sets) in both years was conparable and, in
fact, the effort was higher for the |arge purse seine.
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For the large purse seine, 71 sets in 1984 yielded 7,276 fish,while
97 sets in 1985 yielded 10,988 fish. This is quite close in terms of
fish per set. The top five fish species caught (by nunbers taken) in
| arge purse seines in each year were

1984 1985
1. Pacific cod juveniles Sockeye sal non juveniles
2. Pacific sand |ance Pacific sand |ance
3. Wit espotted greenling Chum sal mon juveniles
4, Wl | eye pollock juveniles Sockeye sal non adults
5. Pacific sandfish Coho sal mon juveniles

It is quite apparent fromthese lists that |large purse seine catches

differed markedly from year to year.

The beach seine catches also had large nunerical differences
bet ween 1984 and 1985. The 47 sets in 1984 yielded 35,122 fish while
the 41 sets in 1985 yielded only 16,266 fish. This is not a great dif-
ference if one excludes the occasional extrenely |arge catch of sand
lance in 1984. Visual observations and small purse seine results indi-
cate that the large schools of sand |ance seen and sanpled in 1984 were
not present in 1985. The top five fish species (by nunbers taken) in
beach seine catches in each year were

1984 1985
1. Paci fic sand |ance Pacific sand |ance
2. Rai nbow snel t Chum sal non juveniles
3. Surf snelt Rai nbow snel t
4, Pacific staghorn sculpin Pi nk sal non juveniles
5. Starry flounder Starry flounder

Sand | ance nade up 94 percent of all fish taken (by nunber) by beach
seine in 1984 and only 51 percent of all beach seine fish in 1985.
Again, it is very apparent that beach seine catches differed substan-
tially between 1984 and 1985.

The obvious differences in catches in these two gear types common
to both years strongly support the contention that the earlier start by
cal endar date and the colder water experienced in 1985 had profound
i nfluences on fish nunbers and species present relative to 1984
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4.7.2 Pelagi ¢ Speci es Conparisons

Pel agi ¢ species dom nated 1984 and 1985 fish catches in this study,
but in different ways. In both years, Pacific sand |ance ranked first
in nunbers caught. Howevertin 1984, yellowfin sole and other denersa
species (i.e., Pacific cod, rock sole, Al aska plaice, and snake prickle-
back) ranked in the top 10 fish based upon nunbers taken. In 1985, only
the demersal starry flounder ranked in the top 10 along with 9 pelagic
species (or pelagic life stages of demersal species). Juvenil e sal non
(discussed in detail in Sections 4.2 and 4.3) nunbered 898 fish in 1984
and 15,621 fish in 1985. These pel agic salnon plus the pelagic sand
[ ance and rainbow snelt totaled 93 percent by number of all fish taken
in 1985. The 1985 shift toward a pelagic catch was primarily due to
dropping the otter trams in 1985. However, as noted above, there were

also real differences in the two common gear types

In making 1984 versus 1985 conparisons, there is a real possibility
that for a given species snaller-sized fish may have been nore preval ent
in 1985 because of the earlier start and cooler water tenperatures; thus
nore fish may have passed through the comon-sized webs in beach and
purse seines in 1985. For exanple, equal nunbers or even nore sand
| ance may have been present, but generally smaller in size in 1985, ver-
Sus 1984. This was a real problem observed in |arge purse seine opera-
tions in 1984 when both small sand lance and small juveniles of Pacific
cod and walleye pollock were observed passing through the web.
Conpari sons between 1984 and 1985 distributions and sizes of selected
fish species are described below with the primary focus on Cruise 1 in
1984 and Cruises 4a and 4b in 1985.

Paci fic Sand Lance

Based upon beach seine catches, Pacific sand lancewere present
near the beaches of the study area in greatly reduced numbers in 1985 as
conpared to 1984. Specifically, Port Moller (Transect 4), Stations 6,
8, and 9 in 1984 averaged several hundred to 20,000 plus (one station)
more sand lance per set in Cruise 1 (late June to md-July 1984) than in
1985. Cruise 2 (late July to md-August) catches dropped off in 1984

235



indicating that the peak abundances of sand |ance near beaches in the
Port Moller area (where nearly all the conmparable data is from were
around the time (or prevailing water tenperatures) of Cruise 1 in 1984
and were of short duration. W have inadequate information to interpret
whet her this period of high abundance is typical or atypical of sand
| ance abundance in this area. Beach seine efforts in both 1984 and 1985
i ndi cate Pacific sand |lance are not very nunerous in the Ugashi k and
Port Heiden areas. In fact, Transect 3 (Cape Seniavin vicinity) was the
near est beach seine site up-bay of Port Moller to have sand lance in
1984. On Transect 6 (Mffet Lagoon), sand lance were taken at nore sta-
tions in Cruise 1 in 1984 than in 1985, but the average abundance at
Station 7 (conparable to Station 10 in 1984) was higher in 1985 (average
abundance 2102 versus 66.3). In 1984, sone 60 percent of all sand |ance
(by nunber) cane from beach seines while 74 percent of all sand |ance

cane fromthis gear type in 1985

In nearshore areas (inside the 10-m isobath), sand |ance conpari -
sons are between two gear types. Cruise 1 and 2 sampling in 1984 (late
June through md-August took sand |ance nearshore northeast as far as
the Cinder River vicinity (Transect 1) with tow nets, suggesting these
fish may have been near or on nearby beaches exposed to the open ocean
and usually inmpossible to successfully beach seine. Average tow net
catches of sand lance in Cruise 1 in 1984 seemto reflect densities com
parable to those of Cruises 4a and 4b (1985) with the small seine in the
Port Moller area. However, average catch is somewhat misleading in that
one small seine haul in Cruise 4b (July 23) accounted for 322 of the 336
sand lance taken with this gear in 1985. Nearshore (tow net) sand |ance
did not increase until Cruise 2 (late July) in 1984 with catches nany
times greater than in both Cruise 1 in the sane year and in both cruises
in 1985. In all cruises of 1984, about 36 percent of the total sand
| ance catch came from tow nets,while the small seine operation of 1985
caught only 3.5 percent of the total number of sand |ance taken.

In of fshore areas (outside the 10-m isobath), sand |ance were taken
in smaller nunbers with the large purse seines in both years conpared to
beach seines and nearshore gear. Cruise 1 (late June to md-July) in
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1984 and Cruise 4a and 4b in 1985 (June 16 to July 29) produced com
parabl e, scattered catches of sand |lance at Port Heiden (Transect 2).
At Port Moller (Transect 4), the 1984 catches in Cruises 1 and 2 were
smal | er than those of Cruise 4a and 4b in 1985. Aan increasing abundance
of sand lance from Station O (24 km or 15 nm offshore) to Station 3 (< 8
kmor 5 nmoffshore) was very apparent in Cruise 4a (June 16 to July 7),
and sonmewhat apparent in Cruise 4b (July 8 to July 29) in 1985 and in
Ccuises 2 and 3 (late July through m d-Septenber) in 1984. At Izembek
Lagoon (Transect 6), Cruise 4b in 1985 and Cruises 2 and 3 in 1984 also
had increasing abundances of sand lance from Stations O to Station 3

This limted sanpling in 1984 and 1985 indicates two very different
sanpling seasons relative to pacific sand |ance; nunbers in 1984 were
consi derably greater overall than those in 1985, especially nearshore
and on the beaches. Both years’ efforts indicate that sand | ance num
bers drop as one noves up-bay past Cape Seniavin. The data suggest that
this species is present in the pelagic environment only in small nunbers

of fshore and increases dramatically closer to shore

Lengt h-frequency conparisons between 1984 and 1985 do not present
an expected pattern. The peaks of the |ength-frequency distribution of
sand | ance from beach seines in Cuise 1 and 2 (1984) were at 70 and 80

mm respectively (Figure 52). In 1985, the Cruise 4a and 4b nodes were
at 90 and 95 mm (Figure 63). In both years, growth is apparent between
crui ses. One mi ght expect the beach seine-caught fish in 1985 to be

smal l er than those in 1984 due to colder water tenperatures in 1985;
however, the opposite pattern exists. A possible explanation is the
cycling of larger and then snaller sand |lance as seen in the three 1984
cruises (Figure 52). If varying sized sand |ance nove sequentially
through beaches in the study area, there may be a somewhat random oppor -
tunity in sanpling themat a given tinme to get fish of a particular
size. The problens of quantitative sampling of this needl e-shaped fish
species whose snaller |ife stages can easily pass through the web of any
gear type used in 1984 and 1985 nust be noted.
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Rai nbow Snel t

Rai nbow smelt were nore numerous in beach seine hauls in Port
Moller (Transect 4) early in 1985 than in Cruise 1 in 1984 (Transect 4
was the only transect beach seined in Cruise 4a). At Station 5, average
abundance was roughly three times as great (11 versus 35.7 fish per set)
in 1985. More rainbow snelt also were taken at Stations 5 and 6 in Port
Moller in 1984 in Cruise 2 than during Cruise 4b in 1985. The opposite
pattern was shown for Mffet Lagoon (Transect 6) where no rai nbow smelt
were taken in Cruise 4b (1985) and average abundances of up to 20 snelt
per set were taken in Cruise 2 (1984). At Ugashik (Transect O nunbers
of rainbow snelt taken in Cruise 4b were conparable with catches in
Cruise 2 in 1984, The sanple sizes, both in nunber of sets that can
actual ly be conmpared between years and the variability within sets in a
gi ven year at the sane station, suggest that this species is very
patchy in its occurrence.

Near shore area conparisons require the evaluation of catches in two
different gear types. Tow nets in Cruise 1 in 1984 captured no rai nbow
smelt in Port Moller. Small seine sets in Cruise 4a in 1985 captured
smal | nunbers of snelt, and larger nunbers were taken in Cruise 4b. In
contrast, at Ugashik (Transect O tow nets in Cruise 2 in 1984 averaged
about 3500 snelt per tow against the 100 to 200 fish per small seine set
in 1985. These catch rates are not equally representative of the smelt
present at Ugashi k, even though the 1984 tow net sets were made at about
the same location (Station 8) as the small seine was fished in 1985.
The tow net was held open to the river flow in 1984 while the snall
seine sampled the opposite direction due to tides in 1985.

Lengt h-frequenci es of rainbow snelt were compared from beach seines
in 1984 and 1985. The Cruise 4a and 4b peaks in 1985 were at 90 and 95
mm while the Cruise 1 and Cruise 2 peak npdes in 1984 were at 120 and 90
mm respectively. There appears to be sone reduction in size in 1985,
possi bly due to colder water tenperatures, but as with sand | ance,
multiple size classes of these snelt may be present at various tines

near beaches in the study area.
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Wi t espotted G eenling

Whi tespotted greenling were taken in greater nunbers in the large
purse seine in 1984 than 1985. Those greenling taken in 1984 in Cruise 1
general ly ranged from about 55 to 85 nm As can be seen in Figure 69
the 1985 greenling, taken in colder water and generally earlier in the
year, were smaller than fish taken in 1984. As night be expected, 1984
otter traw caught fish (Figure 63) were larger than greenling fromthe
1985 large purse seine (Figure 69). This is the result of novenment from
the pelagic to the demersal habitat as size increases

Greater nunbers of greenling may have been present in 1985 than are
reflected in the catches, but their snaller size likely allowed many to
pass through the large purse seine's web.

Capelin

Capelin were taken primarily in the large purse seine in 1985 (106
fish), whereas no capelin were taken in this gear in 1984. The single
capelin taken in 1984 was in a beach seine. Assuming that the large
purse seine is an adequate gear for this species, one must conclude that
sanmpling began too late in 1984 to capture capelin. Capelin still were
not very numerous in 1985 suggesting that we may have nissed the najor-
ity of capelin in the study area where they reportedly occur in |arger
nunbers earlier in the spring (Barton et al. 1977).

Pacific Herring

Pacific herring were taken in small nunbers in all three gear types
fished in 1985 (total catch 55 fish). In 1984, all but 8 of the herring
taken were fromthe tow net (742 fish) which was not fished in 1985.
Since the two gear types fished in the nearshore area were different, it
is not possible to say herring were less numerous in 1985 than in 1984,
There is a possibility that the small purse seine fished in 1985 was not
as effective on snmall herring as the tow net used nearshore in 1984.

Were other gear can be conpared, the large purse seine took 27 fish in
1985 versus 4 in 1984 and the beach seine took 13 fish in 1985 versus 3
in 1984. Wth this mxed pattern it is not possible to conclude how the
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earlier sanmpling season and colder water tenperatures affected herring
catches in 1985. It is likely that in neither year were we sanpling
early enough to assess periods of peak herring abundances in the study

area.
Dol Iy Varden

Dol Iy Varden were caught offshore in large purse seines in nuch
smal l er nunbers in 1984 (2 fish) than in 1985 (47 fish). In addition
the smaller Dolly Varden seen and called juveniles in 1985 (Table |b)
were not seen in 1984. Again, the earlier season and col der waters of
1985 may explain these offshore differences with the same gear conpared
in the 2 years. The smaller fish may al so be responding to the sane
food stimuli that are attracting juvenile salmn to the study area

Pond Snelt

Pond snmelt were taken in greater nunbers (96 fish) in 1985 beach
seines than in 1984 (27 fish). No other gear types captured pond snelt
in either year, supporting the anticipated pattern of a close asso-

ciation with beach habitats.

4.7.3 Denersal Species Conparisons

As previously stated, the denmersal species catch in 1985 dropped
substantially due to the otter traw effort being discontinued. Based
on nunbers caught, demersal fish ranked second (yellowfin sole), fourth
(Pacific cod), sixth (rock sole), ninth (Alaska plaice) and tenth (snake
prickleback) in total nunmbers of fish taken in 1984. In addition,
whi t espotted greenling ranked fifth in 1984, but over 62 percent of
those caught were in the large purse in a pelagic life stage. Simlar-
ly, walleye pollock ranked eighth in 1984 but al nost 95 percent of the
fish taken were by large purse seine in the pelagic habitat. Even
Pacific cod, fourth-ranked in 1984, had over 44 percent of its nunbers
taken by the large purse seine in the pelagic habitat. Cearly, this
man- nade division of fish into pelagic and demersal categories is
conplicated by life stages of fish mving from one place to another.
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In 1985, the starry flounder ranked sixth in total nunmbers caught

(Table Ib) with nearly all of those taken by beach seine. Thus, exten-
sive conparison of 1984 and 1985 denersal fish data is difficult.

Starry Fl ounder

Based upon total nunbers taken by beach seine, starry flounder were
generally nore nunerous in 1985 (610 fish) than in 1984 (106 fish).
This suggests that starry flounder may dinminish in nunbers near the
beaches in the study area as the season progresses and water tenpera-
tures increase. Snal | er-sized starry flounder dominated beach seine
catches, thus year-class strength, timng of onshore/offshore movements,
or predation rates could contribute to these annual differences.

Lengt h-frequency nmbdes in the 65- to 90-mmrange seen in 1984 were al so
seen in the 1985 catches of starry flounder.

Paci fic Cod

Demersal Pacific cod can only be conpared between beach seines
where nunmbers of this species were small in each year (13 in 1985 versus
83 in 1984). For the pelagic life stage taken in the large purse seine
some dranatic differences existed between the two years. In 1984, the
| arge purse seine captured 3007 pelagic cod while in 1985 only 10 were
taken. AsW t h pelagic whi tespotted greenling in the |arge seine,
reduced numbers in the large purse seine may have been due to the col der
wat er tenperatures and the earlier season sanpled in 1985 conpared to
1984, Again, there is the possibility that greater nunbers of Pacific
cod were present in the area but their snaller size caused by col der
water tenmperatures and/or an earlier sanpling season may have all owed
many nore of themto pass through the seine’s web in 1985. Variation in
year-class strength of Pacific cod recruited into the study area could

also contribute to the great difference between 1984 and 1985 pelagic
cat ches
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Wl | eye Pollock

A difference in pelagic walleye polleck nunbers was very apparent
between the two years sanpled. In 1984, the large purse seine captured
557 fish conpared to 15 fish taken in 1985 within this gear type. The
above discussion for Pacific cod applies also to these patterns of pela-
gi c wal | eye pollock abundance.
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PURSE SEI NE CATCH DATA

Thi s appendi x provides tables of purse seine catches of each spe-
cies on each transect broken down by cruise and station. Data presented
are neans of the replicate taken at that station, transect, and cruise
and are standardized to 10-m nute opening time by multiplying the
inverse of total tine opened (IO mnute open + 1/2 time to close) by 10
For exanple, actual catch froma set that was held open into the current
for 10 mnutes and took 6 minutes to close would be multiplied by
0.77(10+ (10+3)) to obtain standardized catch (both weight and numbers).
Approxi mate water surface area fished is 31,000 nfbased on the standard
10-mnute tow at 0.26 ms (0.5 knots) with a 145m net opening.
Frequency of occurrence of (nunber of sets containing) each species is
also provided along with a summary for each transect in each cruise

For identification, a four-digit code is placed at the top of each
col um. The first digit identifies the cruise, the second the transect
nunber and the last two digits are the station nunber.

Data from Cruises 1, 2, and 3 are contained in Tables B-1, B-2, and

B-3, respectively.
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APPENDIX TABLE B-1 Page 1 o™ 2
PURSE SEINE CATCH DATA SUMMARY FOR CRUISE 1

Transect 2 Station = Station 3 Transect Summary
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APPENDIX TABLE_B-1_(cant.) Page 2 ot 2

Transect % Station 1 Station 2 Station 3 Transect Summary
Common 1401 Mean Mean 1402 Mean Mean 1403 Mean Mean Mean Mean
Speci es Name Freq Abund Weight F req Abund Weight F req Abund Weight Freq Abund Weight
empty haul 1.0 0*0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
PACIFIC HERRING 0.0 0.0 (0.40) 0.0 0*0 0.0 0.0 (0.40) 0,0 0,0 (040 0.0
CHUM SALMON Juv 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0
CHUM SALMON Adult 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 o0 (0,40) 0.0 0.0
COHO SALMON Juv 0.0 0.0 0.0 1.0 0*3 11.9 1.0 0,4 15.2 2.0 o2 7.7
SOCKEYE SALMON Juv 1.0 1.2 19.5 1*0 4*3 67.8 2.0 6.1 93.1 3.0 3*5 54.3
SOCKEYE SALMON Adult 0.0 0.0 o0 0.0 0*0 0.0 1.0 0.4 808.0 1.0 0.1 230. 8
RAINROW SMELT o0 0.0 o0 0.0 0.0 o0 1*0 1.8 90.6 1*0 0.5 2S.9
CODS UNID 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 o0 o0 0.0 o0
PACIFIC COD 0.0 0.0 o0 0.0 0*0 0.0 o0 o0 o0 o0 0.0 o0
WALLEYE FOLLOCK 0.0 0.0 (0,40) 0*0 0.0 0.0 (0.40) o0 0.0 0.0 0.0 0.0
WHITESFOTTED GREENLING 1.0 1.0 2*0 1*0 2.2 5.4 2*0 1.8 5.4 3.0 1.6 3.9
STURGEON POACHER 0.0 0.0 (0.40) 1.0 0.4 9.1 0.0 0.0 0.0 1.0 o1 2.6
BERING POACHER o0 0.0 0.0 0.0 0*0 0.0 0.0 o0 0.0 0.0 0.0 0.0
PACIFIC SANDFISH 1.0 0.2 25.2 2.0 1*O 136.7 0.0 (0.40) 0.0 2.0 0.4 49.9
SNAKE PRICKLEBACK o0 0.0 0.0 0.0 0.0 0.0 1*O 0.7 3.6 1.0 0.2 1.0
CRESCENT GUNNEL oo (040 0.0 0*0 0o*0 0.0 1*O 1.8 7.2 1.0 o5 2.1
PACIFIC SANDLANCE 1*0 2.5 25.2 0.0 0.0 o0 1*O o4 0.7 2,0 1.2 11.0
ROCK SOLE 0.0 o0 o0 1.0 0.3 1.0 1*0 0.4 51 2*0 0.2 1.7
YELLOWFIN SOLE 1*0O 0.2 21.7 0.0 0.0 o0 1,0 0.4 7.2 2*0 0.2 11. 4
STARRY FLOUNDER 0.0 o0 o0 0.0 0.0 0.0 0.0 >0 0.0 0.0 0.0 0.0
P Number of Speci es 5.0 6,0 10*0 12.0
0 Mean Abundance 5.2 8.5 13.9 8.6

Mean Weight (g) 93.7 231.7 1035.9 402. 3
Number of Replicates 3*0 2.0 2.0 7.0
Transect 5 Station 2 Station 3 Transect Summary
Common 1502 Mean Mean 1s03 Mean Mean Mean Mean
Speci es Nane Freq Abund Weight F req Abund Weight F req Abund Weight
enpty haul 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PACIFIC HERRING 0.0 o0 o0 0.0 o*0 0.0 0.0 0.0 0.0
CHUM SALMON Juv 1.0 0,3 2.4 1.0 0.4 4.0 2.0 O3 3.2
CHUM SALMON Adult 0.0 0.0 0.0 0.0 0*0 o0 0.0 0.0 0.0
COHO SALMON Juv 0.0 0.0 o0 0.0 0*0 0.0 0.0 o0 0.0
SOCKEYE SALMON Juv 0.0 0.0 0.0 1.0 0*4 17.4 1.0 o2 8.7
SOCKEYE SALMON Adult 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 o0
RAINBOW SMELT 0.0 0.0 (0,50) 0.0 0*0 0.0 0.0 o0 o0
CODS UNIR 1.0 6% 9 3.5 2.0 51.8 45.3 2.0 29,4 24, 4
PACIFIC COD 1.0 1.1 0.8 o*0 0.0 0,0 1.0 0.6 0,4
WALLEYE POLLOCK 1.0 O 4 O 4 1.0 12.3 10.9 2.0 6.3 5.6
WHITESPOTTED GREENLING 1.0 68. 4 173.6 2.0 61.9 351. 4 2.0 65. 2 262. S
STURGEON POACHER (040 (0.40) 0.0 0.0 0.0 0.0 0,0 0.0 0.0
BERING POACHER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PACIFIC SANDFISH 0.0 0.0 (0,40) 0.0 0*0 0.0 0.0 o0 o0

, SNAKE PRICKLEBACK 0.0 0.0 0.0 0,0 0.0 o0 0.0 0.0 00

-; CRESCENT GUNNEL 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0

: PACIFIC SANDLANCE 0.0 p.0 0.0 1.0 2.2 29.0 1.0 1.1 14.5
ROCK SCLE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
YELLOWFIN SOLE 0.0 o0 0.0 0.0 0.0 o0 0.0 0.0 0.0
STARRY FLOUNDER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 o0
Number of Speci es 5.0 6.0 7.0
Mean Abundance 77.1 128.9 103.0

Mean Weight (g) 180
2

457.8 319.2
Number of Replicates

.6
*0 2.0 4*0
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APPENDIX TABLE B-Z

PURSE SEINE CATCH DATA SUMMARY FOR CRUISE 2

Transect 1

Station t Station 2 Station 3 Transect Summary
Common 2101 Mean Mean 2102 Mean Mean 2103 Mean Mean Heon Hean
Speci es Nane Freq Abund Weight F req Abund Weight Freq Abund Weight Freq Abund Weight
empty haul 1*0O 0.0 0.0 0*0 000 0.0 0.0 00 0.0 1.0 0.0 0.0
ARCTI C LAMPREY o0 0*0 0.0 1.0 O 4 19.8 1*0 2.8 41.3 2.0 1.0 20,4
PACI FI C HERRINBG 0.0 0.0 0.0 0.0 0.0 000 0*0 0*0 0.0 o0 0.0 0.0
FINK SALMON Juv 0.0 0.0 0.0 0.0 0.0 0.0 0*0 0.0 0.0 0,0 0.0 0.0
Pl NK SALMONAdult 0.0 0.0 o0 0.0 o0 0.0 0.0 0*0 0.0 o0 o0 0.0
CHUM SALMON Juv 0.0 0.0 0.0 0.0 00 o0 0.0 0.0 o0 0.0 0.0 0.0
CHUMSALHON Adul t 0.0 0*0 0.0 0.0 o0 o0 0*0 0.0 o0 o0 0.0 0.0
COHD SALMON Juv 0.0 0,0 0.0 0.0 000 0.0 0*0 0.0 0.0 0.0 0.0 0.0
SOCKEYE SALMON Juv 2.0 31.7 410. 3 0.0 o0 o0 1*0 0.8 11.1 2,0 10.8 140,5
SOCKEYE SALMON Adult 0.0 0.0 0.0 1.0 o4 809.5 o0 0.0 0.0 1.0 0.1 269.8
CHI NOOK SALMON Juv o0 0*0 o0 o0 o0 0.0 o0 0.0 0.0 0,0 o0 0.0
00LL% VARDEN Adult 0.0 0.0 0.0 o0 000 0*0 0.0 o0 0.0 o0 0.0 0.0
RAINBOW SMELT o0 0*0 0.0 o0 0.0 0.0 o0 o0 o0 0.0 0.0 0.0
ARCTIC COD o0 0*0 0.0 1.0 o4 0.4 0.0 0.0 o0 1.0 o1 o1
PACI FI C cop 0.0 0*0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0
WALLEYE POLLOCK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
THREESPINE STICKLEBACK 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0,0 0.0 0.0
WHITESPOTTED GREENLING 1.0 0.4 2.7 2.0 49,5 374.7 2*0 6.5 41. 4 3.0 18*8 139.6
CRESTED SCULPIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
SILVERSPOT SCULPIN 0.0 0.0 0.0 2.0 1.2 8*1 0.0 0.0 0.0 1*O O*4 2.7
FACIFIC SANDFISH 0.0 0*0 o0 o0 0.0 0*0 1.0 0.8 64.4 1*0 0,3 21.5
WOLF-EEL o0 0*0 o0 0.0 0.0 0.0 0.0 0.0 0.0 o0 000 0.0
PACIFIC SANDLANCE o0 0.0 0.0 2*0 0.8 7.3 0.0 0*0 0.0 1.0 0.3 2.4
FLEURONECTIDAE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ROCK SOLE 0.0 0*0 0.0 0.0 0.0 0*0 0.0 0.0 o0 0.0 0*0 o0
YELLOWFIN SOLE o0 0*0 0.0 o0 0.0 0.0 1*0 0.4 132.6 1*O 0.1 44*2
Number of Speci es 2.0 6.0 5.0 2.0
Mean Abundance 32.0 52.5 11.1 31.8
Mean Weight (g) 413.0 1219.6 290.7 641.1
Number of Replicates 2.0 2.0 2.0 .0
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APPENDIX TABLE B-2 (cont.)

M Station 1 Station 2 Station 3 Transect Summary
Conmon 2301 Mean Mean 2302 Mean Mean 2303 Mean Mean Mean Mean
Speci es Nowe F req Abund Weight Freqg Abund Weight Freq Abund Weight F req Abund Weight
empty haul 0*0 0*0 0*0 0.0 0.0 0*0 0.0 0.0 0.0 0.0 0.0 o0
ARCTIC LAMPREY 0.0 0.0 0.0 0.0 0*0 0.0 0.0 0*0 0*0 0*0 0.0 0.0
PACI FI C HERRING 1.0 0.4 36.2 1.0 0*4 14.3 0*0 0.0 0.0 2,0 0.2 17.5
PINK SALMON Juv o0 0.0 0*0 0.0 0.0 0*0 0*0 0.0 0.0 0*0 0,0 0.0
PI NK SALMON Adult 0.0 0*0 0.0 1*0 0.4 687.9 1.0 0*4 515*9 2,0 0*2 401. 3
CHUM SALMON Juv 2.0 34,3 271.2 2.0 10.5 73.5 1.0 3*6 28.6 3,0 16.1 124. 4
CHUM SALMON Adult (0,40 0.0 0.0 1.0 0*4 1203.8 2.0 1.9 5363. 8 2*0 0.8 2189, 2
COHO SALMON Juv 1*0 0.4 18.8 2*0 1*1 50.3 0.0 0*0 o0 2.0 0.5 23.0
SOCKEYE SALMONJuv 2*0 19.9 185.2 2.0 1400 07.7 1*0 6,0 28.2 3*0 13.3 100*3
SOCKEYE SALMON Adult o0 0.0 0.0 1*0 1,9 4643.2 1.0 3*13 7566. 7 2.0 1.9  4069.9
CHI NOON SALMON Juv 2*0 5.4 42.9 2.0 1.1 49*0 0.0 0.0 o0 2.0 2*1 30.6
DOLLY VARDEN Adult 00 0.0 0.0 1.0 0.4 144,9 0.0 0*0 0.0 1.0 0.1 48.3
RAINEOW SMELT o0 0*0 0.0 0.0 0*0 0.0 1*0 0.4 15.9 1.0 0.1 5.3
ARCTIC COO 0.0 0.0 0.0 0.0 0,0 0*0 0.0 0*0 0.0 0*0 0,0 o0
PACI FI C con 1*0 22.6 36.5 1*0 0.8 1.5 1.0 4,4 11.9 3*0 9.2 16*6
WALLEYE POLLOCK 1.0 105.2 163,.2 2.0 14,3 23%7 2*0 69.7 96.9 3*0 63.1 94.6
THREESPINE STICKLEEACK 0.0 0.0 0.0 0*0 0.0 0.0 0.0 0.0 o0 0.0 00 0
WHITESFOTTED GREENLING 1*0 1.0 5.2 2.0 78.9 280.4 2*0 68.4 429. 4 3.0 49*4 238.3
CRESTED SCULFIN o0 0*0 o0 0.0 0*0 0.0 0.0 0.0 o0 0.0 0.0 0.0
SILVERSPOT SCULPIN o0 0.0 0,0 1.0 0.4 1.5 0.0 0*0 o0 1.0 o1 0.5
PACIFIC SANDFISH 000 0*0 0,0 1*0 2.7 151.5 1.0 0.4 11*4 2.0 1.0 54,3
WOLF-EEL 1.0 0*3 27.8 0.() 0*0 0.0 0*0 0*0 (0,40) 1*0 0.1 9.3
FACIFIC SANDLANCE 0.0 0.0 0.0 0.0 0.0 0.0 2.0 8.6 94.9 1*0 2.9 31.6
PLEURONECTIDAE 0.0 0*0 0.0 0.0 0*0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ROCK SOLE o0 0*0 o0 2.0 1*1 32.9 0*0 0.0 0.0 1.0 o4 11.0
YELLOWFIN SOLE o0 0.0 o0 1.0 0.4 113.6 0.0 0,0 oo 1.0 0.1 37.9
Number of Speci es 9.0 16.0 11.0 19.0

Mean Abundance 189.3 128.1 167.3 16146

Mean Weight (g) 786.7 7561.6 14163. 3 7503.'s

Number of Replicate% 2.0 2.0 2.0 6.0
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APPENDIX TABLEB-2 (cont.)

Transect & Station 1 Station 2 Station 3 Transect Summary
Common 2401 Mean Mean 2402 Mean Mean 2403 Mean Hean Mean Mean
Speci es Nane Freq Abund  Weight Freq Abund  Weight F req Abund  Weight Freq Abund  Weight
empty haul 0.0 0.0 0.0 1.0 0*0 0.0 0*0 0.0 0.0 o0 0.0 0.0
ARCTIC LAMPREY 0.0 0.0 0.0 0.0 0*0 0.0 0*0 (0,40) 0*0 0,0 0.0 0.0
PACIFIC HERRING 0.0 o0 0*0 0*0 0.0 0.0 0.0 00 0.0 o0 0.0 0.0
Pl NK SALMON Juv 1*0 2.1 25.8 0.0 0,0 o0 0*0 0.0 0.0 1*0 0.7 8.6
PINK SALMON Adult 0*0 0.0 0*0 1.0 1.7 2149,6 000 0.0 0*0 e 006 716.5
CHUM SALMON Juv 0.0 00 0.0 0.0 0*0 o0 0.0 o0 0.0 00 0.0 0.0
CHUM SALMON Adult 0.0 0.0 0*0 1.0 044 860. 0 0.0 0.0 0*0 1.0 0.1 284.7
COHO SALHON Juv 0.0 0.0 0*0 0.0 0*0 00 1*0 4.4 923.4 1*0 1.5 307.8
SOCKEYE SALMON Juv 1.0 08 11.7 2*0 0.8 10. 8 0.0 00 0*0 2.0 0.5 745
SOCKEYE SALMON Adult 0.0 00 0.0 0*0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CH NOOK  SALMON Juv 0.0 0.0 0*0 0.0 0.0 o0 0*0 0.0 0.0 o0 0.0 0.0
DOLLY VARDEN Adult 0*0 00 0*0 0*0 0,0 0.0 0.0 0.0 0.0 00 0.0 0.0
RAINBOW SMELT 0*0 00 0.0 0*0 0*0 o0 0.0 0.0 0*0 00 0*0 o0
ARCTIC COD 0.0 00 0.0 0*0 0,0 o0 0.0 o0 0.0 0,0 0.0 0.0
PACIFIC COD 2.0 42*1 91.7 1.0 0.8 3.3 0.0 0.0 0.0 2.0 14.3 31.7
WALLEYE POLLOCK 0.0 o0 0*0 0.0 0*0 00 0*0 0.0 0.0 0.0 0*0 0.0
THREESPINE STICKLEBACK 0.0 0.0 00 0%0 0*0 o0 1.0 0.4 0.4 10 0.1 0.1
WHITESPOTTED GREENLING 0.0 0.0 0.0 0*0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRESTED SCULPIN 0*0 0.0 0.0 0.0 0*0 00 0.0 00 0.0 00 0.0 0o
SILVERSPOT SCULFIN 1*0 08 33.3 0.0 000 o0 0.0 0,0 0*0 1*O 0.3 11%1
PACI FI C SANDFISH 0.0 0.0 0.0 0.0 0*0 o0 0.0 o0 0.0 00 0.0 0.0
WOLF- EEL 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PACI FI C SANDLANCE 0*0 0.0 0.0 1.0 0*4 2.1 2.0 7*9 31.7 2.0 2.8 11.3
FLEURONECTIDAE 0*0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0*0 0.0 0.0 0.0
ROCK SOLE 0.0 o0 0.0 0*0 0.0 0.0 0,0 0.0 0.0 0.0 0*0 G0
YELLOWFIN SOLE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 0.0
Number of Speci es 4*0 5.0 3.0 9*0

Hean Abundance 45.7 4.0 12,6 20.8

Mean Weight (g) 162.4 3025.7 955.5 13B1.2

Number of Replicates 2.0 2.0 2.0 6.0
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APPENDIX TABLE B-2 (cont . )

Transect 6 Station 1 Station 2 Station 3 Transect Summary
Common 2601 fiean Mean 2602 Mean Mean 24603 Hean Mean nean nean
Species Name Freq Abund Weight Freq Abund Weight Freq Abund Weight F req Abund Weight
empty haul 0.0 0.0 o0 0.0 o0 0.0 0,0 0.0 o0 0.0 0,0 o0
ARCTIC LAMPREY 0.0 0.0 0.0 0.0 o0 o0 0.0 0.0 0.0 a0 0.0 0.0
PACIFIC HERRING 0.0 o0 0.0 0,0 0.0 (0,50) 0.0 0.0 000 0.0 o0 0.0
Pl NK SALMON Juv 0.0 o0 0.0 0.0 0.0 0.0 0*0 0.0 o0 0.0 0.0 0.0
Pl NK SALMON Adult o0 0.0 o0 0.0 o0 0.0 0.0 o0 0.0 o0 0.0 0.0
CHUH SALMON Juv 0.0 0.0 000 0.0 o0 o0 0.0 o0 0.0 0.0 0,0 0.0
CHUM SALMON Adult 0.0 0.0 0.0 0.0 0.0 o0 2.0 8.6 30610.1 1.0 2.9 10203, 4
COHO SALMON Juv 0.0 0.0 o0 0.0 0.0 0.0 1.0 3.6 34.9 1.0 1.2 11*6
SOCKEYE SALMON Juw (0,56 0.0 oo 1*0 0.4 2.9 0.0 0.0 (0,40) 1.0 0.1 1*0
SOCKEYE SALMON Adult 0.0 0.0 o0 000 0.0 0.0 000 o0 0.0 o0 0,0 o0
CHINOOK SALMON Juwv 0.0 0.0 o0 o0 0.0 0.0 0*0 o0 0.0 o0 o0 o0
DOLLY VARDEN Adult 0.0 0.0 o0 0.0 (0,40) 0.0 0*0 o0 0.0 o0 0.0 o0
RAINEOW SMELT o0 0.0 0.0 0.0 o0 o0 0.0 0.0 0.0 0,0 o0 0.0
ARCTIC COD o0 o0 0.0 o0 o0 o0 0.0 o0 o0 0,0 >0 o0
PACI FI C con 2.0 40,0 100.0 0.0 0.0 0 0.0 0.0 0.0 1.0 13.3 33*3
WALLEYE POLLOCK 0.0 0.0 0.0 0.0 o0 0 0*0 0.0 o0 0.0 o0 0.0
THREESPINE STICKLEBACK o0 0.0 o0 o0 0.0 0.0 0*0 0.0 0.0 0.0 o0 0.0
WHITESFOTTED GREENLING 2*0 6.6 37.5 2.0 21.0 88.0 1.0 0.4 2*1 3*0 2*3 42.5
CRESTED SCULPIN 1.0 0.4 4*6 1.0 0.4 8.0 0*0 0.0 o0 2,0 0.3 4.2
SILVERSPOT SCULPIN 0.0 0*0 0.0 o0 0.0 0.0 0*0 o0 0,0 0.0 o0 0.0
FACIFIC SANDFISH 2,0 27.9 1250.0 1.0 o4 72.5 2.0 1.4 69. 4 3.0 9.9 463.9
WOLF-EEL o0 0*0 0.0 1.0 O 4 99. 2 0.0 o0 o0 1.0 0.1 33.1
PACIFIC SANDLANCE o0 0.0 o0 2.0 13.5 58.1 1.0 19.0 119.0 2.0 11.1 5?.0
FLEURONECTIDAE 0.0 0*0 000 o0 0.0 o0 0*0 0.0 0.0 o0 o0 0.0
ROCK SOLE o0 0.0 (0,50) 0.0 o0 0.0 0.0 0.0 0.0 0.0 0 0
YELLOWFIN SOLE o0 0.0 0.0 0.0 0.0 o0 0*0 0.0 o0 0.0 0 0.0
Number of Species 4.0 6.0 5.0 9.0

Mean #Abundance 74.9 35.9 33.9 48. 2

Mean Weight (g) 1392.0 32B .6 30835 .5 10832.0
Mumber of Replicates 2*0 2.0 2.0 6.0



APPENDI  TABLE B-3 Pas1o0 3
PURSE SEINE CATCH DATA SUMMARY FOR CRUISE 3

Transect 1 Station 2 Station 3 Transect Summary
Common 3102 Mean Mea> 3103 Mean Mean Mean Mean
Species Name Freq Abund We ig't Freq Abund Weight Freq Abund Weight
ARCTIC LAMPREY 0.° 0.0 0'0 0.0 0.0 0.0 0.0 0.0 0.0
FACIFIC HERRING 0-° 0-0 0'0 0-0O 0.0 0.0 0.0 0.0 0.0
CHUM SALMON Juv 2.° 3 4 09 '3 2.0 50.8 1374.6 2.0 27.1 741.9
COHO SALMON Juv 0.° 0.0 0°'0 O'O 0.0 0.0 0.0 0.0 0.0
SOCKEYE SALMON Juv l-z 0 4 14°5 Z-O 2.5 36,2 2,0 1.5 25.3
CHINOOK SALMON Juv 0. 0 0 0'0 1. 0.4 15.4 1.0 0.2 7.7
SMELT UNID 0. _ 0.0 [31] 0.0 0.0 0.0 0.0 0.0 0.0
SURF SMELT 0. _ 00 0'0 0.0 0.0 0.0 0.0 0.0 0.0
RAINBOW SMELT 0. - 0. o 00 2.0 3.3 112.5 w0 1.7 56,2
PACIFIC COD 2. 376. 4 Bgo *S 2.0 31.7 116.7 2.0 204.1 498.6
THREESFINE STICKLEERACK 0.o . ‘0 0. . 0.0 0. 0.0 0.0
00 0 o 0 - o
NINE-SPINE STICKLEERACK 0.0 ‘0 0 2. .0 7.5 1. 4.0 3.7
. ; Y 0 o 7 o
WHITESFOTTED GREENLING 0. 0 0 *0 0.o 0.9 0.0 0.2 0.0 0.0
CRESTED SCULFIN l.o 0'3 &5 ] 1. 1.0 70.8 2.4 1.3 68.3
FACIFIC SANDFISH 0._ 1-0 o'o 0.0 .3 0.0 0o 0.0 0.0
WOLF-EEL 2.0 003 156 *3 0. 0.0 0.0 1o 0.6 78,2
CRESCENT GUNNEL 0. 1.0 0’0 0. o'° 0.0 0.5 0.0 0.0
FACIFIC SANDLANCE 1.5 0‘3 a1 7 1.2 .0 1.3 2.5 32,1 21.5
STARRY FLOUNDER 0. o 63.0 o 0 1.0 0,8 406.3 1.0 0.2 203.1
ALASKA FLAICE 0.0 0'0 ° ‘0 0.3 8’4 0.0 0.0 0.0 0.0
0 ——-n =0, -0 -==2 -%0 e s s
o Number of Species b0 Cm—T ? .0 - ioc.0
o Mean Abundance 446 .= 990 272.6
Mean Weight (g) 1247, © 2141.0 1704.4
Number of Replicates p ) 2.0 4,0
Transect 2 Station 1 Station = Station 3 Transect Summary
Common 3201 Mean Mean 320z Mean Mean 3203 Mean Mean Mean Mean
Species Name Freq Abund Weight Fre. Abund Weight Freq Abund Weight Freq Abund Weight
ARCTIC LAMPREY 0: ] 0.0 0.0 1.° 0+4 8.3 00 0.0 0.0 1.° 0.1 2.8
PACIFIC HERRING 00 0.0 0.0 0.° 0.0 0,0 10 0., 2.1 1.° 0.1 0.7
CHUM SALMON Juv 10 0.4 2.9 10 1.7 51,7 20 2. 95. 4 3.° 1.7 50.0
COHO SALMON Juv 00 0.0 0.0 1.0 0+:4 54 .46 o0 0. 0.0 1.° 0.1 18.2
SOCKEYE SALMON Juv 20 1.7 15.3 Q.o 00 0.0 00 0. 0.0 1-° 0.6 S.1
CHINOOK SALMON Juv o0 0.0 0.0 0. o 0:0 0,0 00 O.Z 0.0 O'Z 0.0 0.0
SURF SHELT 00 06 os 05 oo o6 o6 o oo %= gy oo
KAINBOW SMELT o . 0.0 0.0 0.0 0.0 | 0.0 20 5.2 125. 0 32 1.7 41.7
FACIFIC COD 1 0.4 0.4 2.0 22.9 583 20 32. 75.0 . 18.7 44.4
THREESFINE STICKLEERACK o ° 0.0 0.0 0.0 0 00 o 0.° 0.0 O.Z 0.0 0.0
NINE-SPINE STICKLEEACK o Z 0.0 0.0 0.0 0 _ 00 o 0.° 0.0 0.5 0.0 0.0
WHITESPOTTER GREENL ING &2 3.4 17.3 0.2 0 00 (VI 0.° 0.0 1. 1.1 5.8
CRESTED' SCULFPIN L 0. _ o 0.0 o 0 0 o . o 0 0.0 0. 0.0 0.0
woLF gL S T S S S NS < S S 2
o "o : : -2 : 0 o -0 » : 0.0 0.0
CRESCENT GUNNEL 0. 0.o o.° 0.0 0 - 0 0 oo ° o 0.0 0.2 0.0 0.0
PACIFIC SANLOLANCE 0 o - 0.0 o o 2.0 15 -« 85 25 1.0 41.7 2.5 10.6 42,3
STARRY FLOUNLER 0 o 0.0 oo 0.° 0 o 0 . 25 o 3 21. 6 IS 0.3 30.5
ALASKA FPLAICE 0 o 0.0 o.o 0.° 0. o 0. o 1 o Y 0.8 .o 0.1 0.3
- —_— N - 4
Number of Species 4,0 5.0 7 o - 11.°
Mean Abundance 5.9 40.8 58,6 35,1
Mean Weight (g) 35.9 z58.z 431.4 241.8
Number of Replicates z. 0 Z.0 2.0 640




APPENDIX TABLE B-3 (cont.) Page 2 of 3

ransect 3 Station 2 Station 3 Troosect Summary
common 3302 Mean Mean 3303 Mean Mean Mean Hean
Species Name Freq Abund Weigh® F req Abund Weight Freq Abund Weight
——— - —_—— e

ARCTIC LAMPREY 0.0 0.0 02 00 0.0 0.0 0.0 oo 0.0
PACIFIC HERRING 0.0 0.0 0-> 00 0.0 0.0 9,0 So 00
CHUM SALMON Juv 2,0 0,8 26- o io0 0.8 12.1 20 S8 19. 4
COHO SALMON Juv 1,0 0.4 9. 00 0.0 0.0 &o .2 4.4
SOCKEYE SALMON Juv 0O 0.0 0~ 00 0.0 0.0 1°0 0.0 00
CHINOOK SALMON Juv 00O 00 0-o 10 0.4 49.6 0'© 0.2 249
SMELT UNID 0'O 0’0 0.0 00 0.0 0.0 0'© 0.0 0.0
SURF SMELT 0’0 0°0 0-° 0.0 0.0 0.0 00 0.0 0.0
RAINEBOW SMELT 0’0 0’0 0.2 %0 0.0 0.0 2.0 0.0 0.0
FACIFIC cOn 20 62 10. 2 1,0 0.4 0.8 o' ° 3.3 5.4
THREESPINE STICKLEBACK 0O 0'0 0.5 o- 0.0 0.0 p 0.0 0.0
NINE-SPINE STICKLEBACK 0O 0°0 0. 0o 0.0 0.0 0o 0.0 0.0
WHITESPOTTED GREENLING 00 0:0 0.0 0°'0 0.0 0.0 oo 0.0 0.0
CRESTED SCULFIN 02 0’0 0.0 0'0 0.0 0.0 o 0.0 0 0
FACIFIC SANDFISH 02 0’0 0.-° 1.9 0.4 1.3 10 0.2 0-6
WOLF-EEL 02 00 0.° 1.3 0.4 30.7 ‘o 0.2 15. 4
CRESCENT GUNNEL 02 0'0 0.2 0.5 0.0 0.0 %o 0.0 0.0
FACIFIC SANDLANCE sy 33 19- 2,0 116.5 1°00.2 25 59.9 509. 9
STARRY FLOUNDEK o2 0:0 0.0 O 0.0 0.0 0.0 0.0 00 .

o ALASKA PLAICE 0.8 o' 0.0 0'8 0.0 0.0 0o 0.0 00

9] Number of Species 4.0 6.0 7.

~ Mean Abundance 10.7 118.9 64.8
Mean Weight (g) 65.3 1094. 4 579.9
Number of Replicates 2,0 2.0 4.0
Transect &4 Station Z Statioo 3 Trgosect Suemary
Tommon 3402 Moan Mean 3403 MeOn Mean = Mean Mean
Species Name Freq hbznd Weight Freq Abu(f Weig t Fr Abund Weight
____________ ——— N o N @ S ¥t ——
ARCTIC LAMPREY 00 ©.0 0.0 0o o0 0 0 Y E; 0.0 0.0
FACIFIC HERRING 0.0 ©.0 0.0 09 030 0.0 0o 0.0 0.0
CHUM SALMON Juv 0.0 o0 0.0 20 2 3 38 9 10 11 19-4
COHO SALMON Juv 1.0 o5 27.8 0o 0,0 0.0 10 0.2 13.9
SOCKEYE SALMON Juv 0'0 o0 0,0 00 0.0 00 0O 0.0 0.0
CHINOOK SALMON Juv 0-0 o 0 0,0 19 o*g 41. 7 10 0.2 20 8
SMELT UNID 00 .0 0.0 2,0 14. 23 1 1’ O 7.2 116
SURF SMELT 00 o 0 0.0 ) 0.0 00 00O 0.0 0.0
RAINBOW SMELT 0-0 "0 0.0 2,0 34 83 3 1'0O 1.8 41.7
FACIFIC COD 1°0 10°7 23,9 2,0 96 27,7 2O 10. 2 25.8
THREESPINE STICKLERACK 1° 0's 0-3 1, oS 0,5 2O 0.5 0.5
NINE-SPINE STICKLERACK 05 00 0-© 0.5 00 0,0 o' © 0.0 0.0
WHITESPOTTED GREENLING ) 0.0 0-0 0.5 00 0,0 0 © 0.0 0.0
CRESTED SCULPIN 00 0.0 0-0 0.0 0- 0 0,0 0 © 0.0 0.0
FACIFIC SANDFISH 1" 9 4 .4 238 2.9 1.8 6,0 29 3.1 14.9
WOLF-EEL 0'S L0000 00 0.8 0’0 0.0 o © 0.0 00
CRESCENT GUNNEL 0'S 00 00 1.8 0:+5 18,5 1 © 0.2 9.3
FACIFIC SANIILANCE 20 16 4 1586 2.0 45:3 138 ,9 a9 308 1487
STARRY FLOUNDER 0.0 00 00 0.0 0730 00 02 0.0 0.0
ALASKA PLAICE 0.0 00 0-0 0o.w 0:0 0 =0 0 .S 0.0 0.0
Number of Species 5.0 9.0 10.©
HMean Abundance 32.3 78.3 95.3

Mean Weight (g) 234.4 375. 4 3044
Number of Replicates 2.0 z. 0 4.0
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M Station 3 Transect Summary
Common 3503 Mean Mean Mean Mean
Species Name Freq Abund Weight F req Abund Weight
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TOW NET CATCH DATA 1984
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TOWN NET CATCH DATA

This appendi x provides tables of tow net catches of each species on
each transect broken down by cruise and station. Data presented are
means of the replicate taken at that station, transect, and cruise and
are all based on catch per 10-minute tow. Frequency of occurrence of
(nunber of sets containing) each species is also provided along with a

summary for each transect in each cruise.

For identification a four-digit code is placed at the top of each
col um. The first digit identifies the cruise, the second the transect

nunber and the last two digits are the station nunber.

Data fromCruises 1, 2, and 3 are contained in Tables CG1, C2, and

C 3, respectively.
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APPENDIX TABLE C-1

TOW NET CATCH DATA SUMMARY FOR CRUI SE 1

M Station 3 Station 4 1 ransect Summary

Common 1503 Mean Mean 1 304 Mean Mean Mean Mean

Species Name F req Abund Weight Freg Abund Vi ght , Freq Abund Weight,

enpty haul 0.0 0.(-) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PACIFIC HERRING 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SOCKEYE SALMON Juw 1.0 0.5 7.0 0.0 0.0 0.0 1.0 0.3 3.5

RAI NBOW SMELT 0.0 0.0 0.() 0.0 0.0 0.0 0.0 0.0 0.0

WHITESPOTTEDN BREENLING 1.0 0,5 4*0 0.0 0.0 0.0 1.0 0.3 2.0

PACIFIC SANDFISH 0.0 0.0 0.0 2*0 14*0 412,5 1.0 7.0 206.3

SNAKE FRICKLEBACK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ().0

PACIFIC SANDLANCE 2.0 880.0 2125.0 2.0 1987.0 4808.0 2,0 1433.95 3466.5

FLATHEAD SOLE 0.0 0.0 0.0 o0 0.0 0.0 o0 0.0 0.0

YELLOWFIN SOLE 0.0 0.0 0.0 2.0 9.5 1800.0 1.0 4.8 200 0

Number of Species 3.0 3.0 5.0

Mean Abundance 881.0 2010.5 1445.8

Mean Weight (g) 2136.0 7020.5 4578.3

Number of Replicates 2,0 2.0 4.0

Transect 4 Station 2 Station 4 Station 7 Station 11

Common 1402 Mean Mean 1404 Hean Mean 1407 Mean Mean 1411 Mean Mean
speci es Name Freq Abund Weight Freq Abund Weight F req Abund Weight F req Abund Weight
empty haul 1.0 0.0 0.0 1*0 0 0.0 2*0 0 0.0 1*0 o0 o0
PACIFIC HERRING 0.0 o0 0.0 (0,40) 0.0 0.0 0.0 o0 0.0 1.0 0.5 10,0
SOCKEYE SALMON Juv o0 o0 o0 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RAINBOW SMELT o0 o0 0.0 0.0 o0 o0 0.0 o0 0.0 1.0 1.0 3s.0
WHITESPOTTEN GREENLING 0.0 0.0 0.0 0.0 0.0 0] 0.0 o0 0.0 0.0 0.0 0,0
FACIFIC SANDFISH o0 o0 0.0 o0 o0 0.0 0.0 o0 o0 o0 0.0 0,0
SNAKE PRICKLEBACK 0.0 0.0 o0 0.0 0.0 o0 0.0 000 0.0 1.0 0.5 5,0
FACIFIC SANDLANCE 1*O 1.5 7.5 1.0 2*0 5.0 o0 o0 0.0 o0 o0 0.0
FLATHEAD SOLE 0.0 0 o0 o0 o0 o0 o0 o0 0.0 1*O 0.5 12.5
YELLOWFIN SOLE o0 0.0 o0 0,0 0.0 (0,46) o0 0.0 0.0 0.0 0.0 0.0
Number of Speci es 2,0 2.0 1*0 5.0

Mean Abundance 1.5 2.0 oo 2.5

Mean Weight (g) 7*S 5.0 o0 62.5
Number of Replicates 2*0 2.0 2.0 2.0
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Transect & (cont.)

Common

Speci es Name

empty haul

PACI FI C HERRING
SOCKEYE SALMON Juv
RAINBOW SMELT
WHITESPOTTED GREENLING
PACI FI C SANDFISH
SNAKE PRICKLEBACK
PACIFIC SANDLANCE
FLATHEAD SOLE
YELLOWFIN SOLE

Number of Species
Mean Abundance

Mean Weight (q)
Number of Replicates

Transect Summary
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Hean
Abund
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APPENDIX TABLE C-1 (cont. )
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APPENDIX TABLE C-2

TOW NET CATCH DATA SUMMARYFOR CRUISE 2

me.(i_q Station 8 Transect Summary

Common 200s Mean Mean Mean Mean

Species Name Freq Abund Weight, F req Abund Weight.

empty haul 0.0 0.0 0.0 0,0 0.0 0.()

ARCTIC LAMFPREY 2.0 2,0 34,0 1.0 2.0 34.0

CHUM SALMON Juv 2.0 15,0 77.0 1.0 15.0 77.0

SOCKEYE SALMON .Juv 0.0 0.0 0.0 0.0 0.0 0.0

CHINOOK SALMON Juv 1.0 0.5 4,0 1.0 0.5 4.0

SHELT UNID 0.0 0.0 0.0 0.0 o0 0.0

RAINKHOW SMELT 2.0 3500. 0 22680.0 1.0 3500.0 22680.0

PACIFIC COR (0,56) (0,56 0.0 0.0 o0 0.0

NINE-SPINE STICKLEFACK 1.0 12.0 10.0 1.0 12.0 10.0

WHITESFPOTTED GREENLING 2.0 1.0 6.5 1.0 1*0 6545

PLAIN SCULPIN 1.0 0.5 220.0 1*O 0.5 220.0

SNAKE FRICKLEEACK 1*0 2.0 22.5 1.0 2.0 22.5

FACIFIC SANDLANCE 0.0 o0 0.0 0.0 0.0 0.0

FLEURONECTIDAE a0 0.0 0.0 0.0 0.0 0.0

YELLOWFIN SOLE 1.0 0.5 145.0 1.0 0.5 145,0

STARRY FLOUNDER 2.0 5.5 2600, 0 1.0 5.5  2600.0

Number of Species 10*0O 10.0

Mean Abundance 3539.0 3539 .. 0

Mean Weight (Q) 25799.0 25799. 0

Number of Replicates 2.0 2.0

M Station 3 Station 4 Transect Summary
Common 2103 Mean Mean 2104 Hean Hean Mean Mean
Species Name Freq Abund Weight Freqg Abund Weight Freq fAbund Weight
empty haul 2*0 (0,56] 0.0 0*0 0.0 0.0 0.0 0*0 0.0
ARCTIC LAMPREY o0 0.0 0*0 0*0 0*0 0.0 0*0 0.0 0.0
CHUM SALMON Juv 0.0 (0,46} 0.0 0.0 0.0 O*0 0.0 0.0 O*0
SOCKEYE SALMON Juv 0.0 0.0 0.0 O*0 Oo*O Oo*O 0.0 O*0 Oo*O
CHINOOK SALMON Juy 0.0 0.0 O*O 0.0 0.0 0.0 0,0 0.0 0.0
SMELT UNID 0.0 0.0 0.0 0*0 0.0 0*0 0*0 0.0 0.0
RAINEOW SMELT o0 o0 0.0 1.0 4.0 25*0 1.0 2.0 12,5
PACIFIC COD (0,40) o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NINE-SPINE STICKLEBACK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0
WHITESPOTTED GREENLING o0 (0,56 0*0 0.0 o0 0.0 0*0 o0 o0
PLAIN SCULFIN o0 0.0 0.0 0.0 0.0 o0 0.0 o0 o0
SNAKE PRICKLEBACK 0.0 0 0*0 0.0 o0 0.0 0*0 o0 o0
PACIFIC SANDLANCE 0.0 0.0 0.0 2*0 39.0 60.0 1.0 19.5 30.0
FLEURONECTIDAE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
YELLOWFIN SOLE (0,40) o0 0,0 0.0 o0 (0,40) 0.0 0.0 o0
STARRY FLOUNDER a0 0.0 0*0 o0 0.0 0.0 0*0 0.0 o0
Number of Speci es 1.0 2.0 2*0

Mean Abundance 0.0 43.0 21,5

Mean Weight (y) o0 85.0 42,5
Number of Replicates 2,0 2.0 4*Q
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APPENDIX TABLE C-2 (cont . )

Transect 3 Station 3 Station 4 Transect Summary

Common £3aVS mean Mean 2304 Mean Mean Mean

Speci es Nowe Freq Abund Weight Freq Abund Weight Freq Abund Weight

empty haul o0 o0 0.0 0.0 0.0 0.0 0.0 0.0 o0

ARCTI C LAVPREY o0 0.0 0.0 0.0 o0 o0 o0 o0 0.0

CHUM SALMON Juv o0 (0,56 o0 0,0 0.0 0.0 o0 o0 o0

SOCKEYE SALMDN Juv 0.0 0.0 0.0 o0 0.0 o0 (0,50) o0 0.0

CHI NOOK  SALMDN Juv 1*0 1.0 6.0 o0 o0 0.0 1.0 0.s 3.0

SMELT UNID o0 0,0 0.0 0.0 o0 0.0 0.0 0,0 0.0

RAINBOW SMELT 1,0 2*0 275 .0 1.0 3*0 125.0 2.0 2.5 200.0

PACI FIC COD 0.0 0.0 0 0.0 0.0 0.0 0.0 o0 o0

NI NE- SPI NE STICKLEBACK 000 0.0 0.0 0.0 o0 o0 0.0 0.0 0.0

WHITESPOTTED GREENLING 0.0 0.0 0.0 0.0 (0,40) (0,40) 0.0 o0 (040

PLAIN SCULFIN 0.0 0.0 0.0 0.0 000 0.0 0.0 0.0 o0

SNAKE PRICKLEBACK 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 o0

FACIFIC SANDLANCE 2.0 20.0 65,0 2.0 1105 95*0 2*0 65.3 80.0

PLEURONECTIDAE 1.0 0,5 0.5 0.0 o0 0.0 1*0 o3 O3

YELLOWFIN SOLE 0 0.0 0,0 0.0 o0 o0 o0 o0 0.0

STARRY FLOUNDER 1.0 0.5 2%0.0 0.0 o0 o0 1.0 0.3 125*0

Number of Speci es 5.0 2*0 5.0

Mean Abundance 24.0 113.s 68.8

Mean Weight (g) 596,5 220*0 400 .3

Number of Replicates 2*0 2*0 4*0

Transect & sTation 4 sration 4 Stavion 7 Station 10

Common 2403 Mean Mean 2404 Mean Mean 2407 Mean Mean 2410 MHean Mean
Species Name F req Abund Weight Freq Abund Weight Freq Abund Weight Freq Abund Weight
empty haul 1.0 0.0 0.0 0*0 0.0 0.0 0.0 o0 0,0 0.0 0.0 0.0
ARCTIC LAMPREY 0 0. 0*0 0.0 0.0 o0 0.0 0.0 0.0 0.0 o0 0.0
CHUM SALMON Juv 0.0 o0 0.0 0*0 0*0 (0,40) o0 0.0 0,0 1.0 1.0 10.0
SOCKEYE SALMON Juv 0.0 0.0 0*0 0.0 0*0 0.0 0.0 (0,40) C)*0 (0.40) 0.0 0.0
CHINOON SALMON Juwv o0 0.0 0.0 0.0 000 0.0 0,0 o0 0*0 0.0 o0 o0
SMELT UNID 0.0 0.0 0.0 1.0 7.5 1*5 o0 0.0 0*0 o0 0.0 0.0
RAINEOW SHELT 0.0 000 0.0 0.0 o0 o0 0.0 o0 0.0 0.0 0.0 0.0
PACIFIC COD 0.0 0 0*0 0.0 0.0 o0 000 0.0 0*0 o0 o0 0,0
NINE-SPINE STICKLEBACK 0.0 0.0 0$0 0.0 000 0.0 o0 0.0 0*0 0.0 0.0 0.0
WHITESPOTTED GREENLING 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0*0 0.0 0.0 o0
PLAIN SCULFIN 0.0 o0 0.0 0.0 0.0 000 o0 0.0 0.0 0.0 0.0 0.0
SNAKE PRICKLEBACK 0.0 0.0 0.0 0.0 0.0 o0 0.0 (0.40) 0*0 0.0 0.0 0,0
PACIFIC SANDLANCE 1.0 1638.5 1695.0 2.0 691,0 850.0 2.0 2886 0 3550.0 2.0 781.0 2425,0
FLEURONECTIDAE o0 0.0 0.0 (0,40) 0.0 0.0 o0 0.0 o0 0.0 0.0 0.0
YELLOWFIN SOLE 0.0 o0 0.0 0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0
8TARRY FLOUNDER 1.0 0.% 250.0 0.0 0.0 0.0 0.0 o0 o0 o0 0.0 0.0
Number of Speci es 3.0 2.0 1.0 2.0

Mean Abundance 1639*0 498 5 2586 .0 782 .0

Mean Weight (y) 1945.0 8%1.5 3550 , 0 .
Number of Replicates 2.0 2%0 2,0 2.0
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APPEND'EX- TABLE C-2 (cont.)

Transect 4 (cont.) Station 11 Transect Summary
Common 2411 Mean Mean Mean Mean
Speci es Nane Freq Abund  Weight Freq Abund  Weight
enpty haul 0.0 0.0 0.0 0*0 0*0 0.0
ARCTIC LAMPREY 0.0 0.0 0.0 0.0 0.0 0.0
CHUM SALMON Juv 0*0 0*0 0*0 1.0 0.2 2.0
SOCKEYE BALMON Juv 0*0 0*0 0*0 0*0 0.0 0*0
CHINOOK SALMON Juv 0.0 0.0 0*0 0*0 0*0 0.0
SMELT UNID 0*0 0.0 0*0 1*O 1*5 0.3
RAINROW SMELT 0.0 0.0 0.0 0.0 0.0 0*0
PACIFIC COD 0*0 0.0 0*0 0*0 0.0 0.0
NINE-SPINE STICKLEBACK 0.0 0*0 0*0 0.0 0.0 0.0
WHITESFOTTEDI GREENLING 0*0 0*0 0*0 0.0 0.0 0.0
PLAIN SCULPIN 0.0 0*0 0,0 0.0 0*0 0.0
SNAKE PRICKLEBACK 0*0 0*0 0.0 0.0 0.0 0.0
PACIFIC SANDLANCE 2.0 ?80.5 2352.5 5.0 1395.4 2174.%5
FLEURGNECT IDAE 0.0 (0,50) 0.0 0*0 0*0 0*0
YELLOWFIN SOLE 0.0 0.0 0.0 0.0 0.0 0.0
STARRY FLOUNDER 0*0 0.0 0.0 1.0 0.1 50,0
Number of Speci es 1.0 4.0

Mean Abundance 980.5 1397.2

Mean Weight (g) 2352.5 2226.0
Number of Replicates 2.0 10*0
Transect 6 Station 8 Transect Summary
Common 2608 Mean Hean Hean Mean
Species Name Freq Abund Wi ght F req Abund Weight
empty haul 0*0 0.0 o0 0.0 0,0 0*0
ARCTIC LAMPREY 0*0 0*0 0.0 0.0 0*0 0*0
CHUM SALMON Juv 0,0 0.0 0.0 0*0 0.0 0*0
SOCKEYE SALMON Juv 1*0 3.5 22.s 1*0 3.5 22.5
CHINOOK SALMON Juv 0.0 0*0 o0 0.0 0*0 0.0
SMELT UNID 0*0 0*0 o0 0.0 0.0 0.0
RAINHOW SMELT 0.0 0*0 0.0 0.0 0.0 0,0
PACIFIC COD 1.0 0.5 1.5 1.0 0.5 1.5
NINE-SPINE STICKLEBACK 0*0 0*0 0.0 0*0 0*0 0.0
WHITESPOTTED BREENLING 2.0 2.0 6.s 1.0 2*0 6.5
FLAIN SCULPIN 0*0 0.0 0.0 0*0 0*0 0.0
SNAKE PRICKLEBACK 0.0 o0 0.0 0.0 0*0 0.0
FACIFIC SANDLANCE 1.0 1.0 2.5 1.0 1*0 2*S
PLEURONECTIDAE 0.0 o0 0.0 0.0 0*0 0*0
YELLOWFIN SOLE 0.0 o0 o0 0.0 0,0 0.0
STARRY FLOUNDER 0.0 o0 0.0 0*0 0,0 0*0
Number of Speci es 4*0 4*0

Mean Abundance 7.0 7*0

Mean Weight (Q) 33.0 33.0
Number of Replicates 2,0 2.0
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APPENDIX TABLE C-3

TOW NET CATCH DATA SUMMARY FOR CRYISE 3

Transect 4 Station 4 Station 7 Transect Summary
Common . 3404 Mean Maan 3407 Mean Mean Mean Mean
Speci es Name F req Abund Weight. F req Abund Wi ght F req Abund Weight
PACI FI C HERRI NG 2.0 102.() 95,0 2.0 268.5 347.5 2.0 185.3 221.3
PACI FI C COD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ().0
CRESTED SCULPIN 10 0.5 30.0 0.0 0.0 ().0 1.0 0.3 15.0
TUBENOSE POACHER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LIPARIS SP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PACI FI C SANDLANCE 2.0 1.5 4.0 1.0 2.0 10.0 2.0 1.8 70
STARRY FLOUNDER 0.0 0.0 0.0 2*0 1,0 280.0 1*0 0.5 140.0
Number of Speci es 3.0 3.0 4*0

Mean Abundance 104,0 271. S 187.8

Mean Weight (g) 129.0 637.5 383. 3
Number of Replicates 2.0 2.0 4*0
Transect 6 Station 7 Transect summary

Common 3607 Mean Mean Hean Hean

Species Name Freq Abund Weight Freq Abund Weight

PACIFIC HERRING 0*0 0*0 0.0 0*0 0*0 0.0

PACIFIC COD 2.0 1l.s 3.0 1,0 1.s .0

CRESTED SCULPIN 0.0 0*0 0.0 0.0 0*0 0.0

TURENDSE POACHER 1*0 0*5 0.9 1.0 0.5 0.s

LIFARIS 6P 1.0 0.5 o5 1.0 O*5 0.5

PACTFTC SANDLANCE 0,0 0.0 0.0 0.0 0.0 000

STARRY FLOUNDER 0.0 0.0 o0 0*0 0*0 0.0

Number of Species 3,0 3*0

Mean Abundance 2.5 2.5

Mean Weight (g) 4.0 .
Number of Replicates 2.0 2*0
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BEACH SEI NE CATCH DATA

Thi s appendi x provides tables of beach seine catches of each spe-
cies on each transect broken down by cruise and station. Data presented
are neans of the replicate taken at that station, transect, and cruise
and are based on catch per set. Approxinmate area sanpled by each beach
seine was 900 2, Frequency of occurrence of (nunber of sets contain-
i ng) each species is also provided along with a sunmary for each tran-

sect in each cruise.

For identification a four-digit code is placed at the top of each
col um. The first digit identifies the cruise, the second the transect
nunber and the last two digits are the station nunber.

Data fromCruises 1, 2, and 3 are contained in Tables D-1, D2, and

D- 3, respectively.
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APPENDIX TABLE D-1 Page 1 of 2
BEACH SEINE CATCH DATA SUMMARY FOR CRUISE 1

IIEEEEEE_E Station 6 Transect Summary
Common 1206 Mean Mean e Mean Mean
Species Name Freq Abund Weight Fr-q Abund Weight
CHUM SALMON Juv 0.0
CHUM SALMON Adult 0,0
COHO SALMON Juv
SOCKEYE SALMON Juv
SOCKEYE SALMON Adult
RAINROW SMELT

EULACHON

FACIFIC COD

KELP GREENLING
WHITESFPOTTER GREENLING
SCULFPIN UNID

THREALDED! SCULPIN (A)
STAGHORN SCULPIN

PLAIN SCULFPIN

TURENOSE POACHER
PACIFIC SANLIILANCE

ROCK SOLE .
YELLOWFIN SOLE
LONGHEAD DAR

ARCTIC FLOUNDER

STARRY FLOUNDER
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Number of Species -
Mean Abundance 40,95 40.5
Mean Weight (g) 1322.

Number of Replicates 2

6LT

Transect 3 Stotion > Transect Summary
Common 1305 Mean Mean Mcan Mean
Species Nawme Freq Abund Weight F req Ab—nd Weigh*®
____________ —— . ———— —— ~ 00— ————F
CHUM SALMON Juv 1.0 1°5 45
CHUM SALMON Adult
COHO SALMON Juv
SOCKEYE SALMON Juv
SOCKEYE SALMON Adult
RAINROW SMELT
EULACHON

PACIFIC COD

KELF GREENLING
WHITESPOTTED GREENLING
SCULFIN UNID

THREALDED SCULPIN (A)
STAGHORN SCULFPIN

FLAIN SCULPIN

TURENOSE FOACHER
FACIFIC SANDLANCE

ROCK SOLE

YELLOWFIN SOLE
LONGHEAL DAE

ARCTIC FLOUNDER

STARRY FILOUNLER
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